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WILLIAM CROCKER 


1874-1950 


WILLIAM CROCKER—THE MAN AND SCIENTIST! 
(January 27, 1874—February 11, 1950) 


EpMuUND W. SINNOTT 


In the death of Dr. Crocker, botanical science in the United States 
has lost one of its outstanding leaders. We may well say of him, ‘‘He was 
a man, take him for all in all, we ne’er shall look upon his like again.’’ He 
was big—big in stature, in mind and in spirit—and in paying tribute to 
him we should consider his many-sidedness. He was a great botanist, but 
he was also very much more than that. 

In the first place Dr. Crocker was a notable scientist and he would prob- 
ably wish to be remembered thus than for anything else which he accom- 
plished. A great scientist must have a number of qualifications which mark 
him off from ordinary folk, and these he possessed. 

A scientist must be honest. The naked truth and nothing else must 
be his goal. He must not evade or cover up or tell half truths. Those who 
knew Dr. Crocker will testify how rigorously he maintained this attitude 
of complete honesty in his own work and how he demanded it in the work 
of every one at the Institute. 

A scientist must be critical. One of his great qualities is that he must 
carefully evaluate all of his results by the methods which science has de- 
veloped for testing its conclusions. This quality Dr. Crocker possessed in 
a high degree and there is probably no institution where the scientific prod- 
uct has always been scrutinized so rigorously and subjected to so much 
careful revision as at the Boyce Thompson Institute, as all who have 
published in its Contributions can testify. 

A scientist must be an adventurer. The face of science is to the future 
and not the past, and its practitioners are spititual descendents of the 
explorers of old. Such an explorer was Dr. Crocker, who pushed out across 
many frontiers and got a glimpse of the great possibilities ahead for plant 
research. He saw them not only in his own personal research but in that of 
his colleagues. An idea for a new program of investigation was always wel- 
comed by him and was assured of a sympathetic hearing. 

Dr. Crocker was far more than a scientific investigator, however. He 
was a great administrator and thus had to possess qualities which marked 
him out from men of science. A great administrator must have imagina- 
tion, must see possibilities of scientific work and its contributions to society 
which often escape the eyes of other men. Dr. Crocker possessed such 
imagination in a high degree and it was he who first saw the possibilities 


1 Address delivered at the Memorial Service held at the Boyce Thompson Institute on 
February 17, 1950. 
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of such an institute as that over which he presided. He not only saw these, 
but had the ability to make others catch the picture of his vision and 
enthusiasm and thus make his dreams come true. The Institute, as we 
know it, is the outcome of the imaginative enthusiasm of its first Director. 

A great administrator must also have optimism and faith to carry him 
through periods of discouragement and adversity. No great institution like 
this has smooth sailing all the time. There are ups and downs in its fortunes 
and it is essential to have in the man who directs it a firm hand on the tiller 
and a steady look ahead. We all can testify to Dr. Crocker’s sure, steady 
and optimistic spirit in the long years in which he served as Director. 

Such an administrator also must have, of course, executive ability in 
a high degree—the ability to bring things to pass, to persuade people to 
his point of view, to help his colleagues work together in harmony and 
efficiency and to maintain the material and financial fortunes of his in- 
sitution on a sound basis. These qualities Dr. Crocker possessed in high 
degree. He was not only a great leader but a good business man, with all 
that that implies; and the way in which the Institute has weathered the 
financial difficulties of the past twenty-five years is evidence of its Di- 
rector’s sound and solid judgment. 

Quite apart from his accomplishments as scientist and administrator, 
however, Dr. Crocker was a great citizen of the community in which he 
lived, and of the nation. He took a very keen interest in the City of Yon- 
kers and particularly in the development of its educational system, to the 
support of which he gave much time and energy over the years. Not only 
did he do this himself, but he continually encouraged the members of his 
staff to do their share of the business of the community as good citizens. 
This quality is much prized today when scientists are beginning to see 
that they must leave their ivory towers and take part in the affairs of 
society if our social order is to persist. One of the first men to see the im- 
portance of this was Dr. Crocker and he will long be remembered for these 
contributions by many people who knew little or nothing of his work as a 
scientist. 

Today when we remember with gratitude what Dr. Crocker meant to 
all of us here we may well think of him not as a scientist or as an adminis- 
trator or as a citizen, but primarily as a warm personal friend. He was one 
of the friendliest persons I have ever known. This characteristic was not a 
superficial one. He did not merely greet you pleasantly and courteously, 
but he really took an interest in your welfare. This showed itself in many 
ways, but most notably perhaps in the vigorous loyalty with which he sup- 
ported all the members of the Institute staff in their problems and difficul- 
ties. He was never averse to a good fight if it was necessary and one 
could always count on him not to pussyfoot on any issue, but to go out 
vigorously in defense of persons and principles in which he believed. There 
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Was never any question on which side of a controversy Dr. Crocker stood. 

Despite our sense of loss in his passing we should be thankful that for 
so long he was able to direct this Institute, to which the best years of his 
life were given. Men leave various things behind them by which they are 
remembered, but in Dr. Crocker’s case the Institute itself is his best memo- 
rial. One thinks of the inscription over Sir Christopher Wren’s tomb in 
St. Paul's Cathedral: “Si monumentum requires, circumspice!’” Thus we 
may well say of Dr. Crocker, ‘‘Look you for his monument, it is the Boyce 
Thompson Institute.” 

Dr. Crocker will be greatly missed by all of us, but time marches on 
and the old order inevitably changes. As I think of his passing, John 
Bunyan’s words, in which he described how his hero passed over the River 
of Death, come to my mind: ‘‘So Valiant-for-Truth passed over and all 
the trumpets sounded for him on the other side.”’ 


SOME CHROMATE COMPLEXES AND ORGANIC 
COMPOUNDS AS SEED PROTECTANTS! 


S. E. A. McCALLan? 


A method for evaluating chemicals as seed protectants by the use of 
peas in naturally infested greenhouse soil was described in 1948 (4). At that 
time the results with 157 chromate complexes were reported as an example 
of how the method works in practice. Recently an opportunity was pre- 
sented to evaluate a larger series of chromate complexes and organic com- 
pounds. These materials which were kindly furnished by the Carbide & 
Carbon Chemicals Division, Union Carbide & Carbon Corporation, New 
York, N. Y., were selected on the basis of results with the slide-germination 
(1) and other tests. The number of compounds screened by the pea seed 
method now total 640 and it is the purpose of this paper to report on the 
more promising ones both as to greenhouse and field tests performed in 
1949 in comparison with standard treatments. 


INITIAL GREENHOUSE TESTS 


This second series of tests was performed on 356 organic compounds 
and 127 chromate complexes. Most of these preparations were in dust 
form and could be tested readily. A few, some 4o odd, however, were 
liquids, pastes, waxes, or in other physical form which required formulation 
before testing. These were more or less satisfactorily formulated by dis- 
solving or suspending in an equal amount of acetone, than grinding in a 
mortar with five or nine parts of Pyrax ABB dust (R. T. Vanderbilt Co., 
Inc., New York, N. Y.). All samples were first tested on pea (var. Perfec- 
tion) at a dose of 0.0625 per cent (active ingredient) of seed weight in three 
replicated units of ro seeds each as described previously (4). Only 35 com- 
pounds were considered promising after this first test. These were then 
tested on peas again at doses of 0.25, 0.0625, and 0.0156 per cent of seed 
weight replicated five times. The standards used here were thiram and 
Semesan (see p. Io) as well as the mercury-zinc-chromate (No. 224) and 
copper-zinc-chromate (No. 640) previously reported (4). Following this 
second test nine compounds remained of interest. 

These nine compounds were then tested on beet (var. Detroit Dark 
Red), cantaloupe (var. Honey Rich), sweet corn (var. Ioana), cabbage 
(var. Penn State Ballhead), spinach (var. Giant Nobel), and lima bean 


1 A preliminary report was presented before the American Phytopathological Society, 
New York, N. Y. December, 1949 (5). 

2 The author wishes to express his indebtedness to Dr. C. S. Reddy, Iowa Agricultural 
Experiment Station, Ames, Iowa, and to Dr. J. D. Wilson, Ohio Agricultural Experiment 
Station, Wooster, Ohio, for generous permission to publish the results of their tests. 

Copyright, 1950, by Boyce Thompson Institute for Plant Research, Inc. 
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(var. Henderson Bush) at doses of 1.0, 0.25, 0.0625, and 0.0156 per cent 
seed weight, except for beet which received four times these amounts. 
Two standard treatments considered especially appropriate for the crop 
in question were run as well as No. 224 and 640. 

From these final (B.T.I.) greenhouse tests, including the replicated pea 
test, five experimental materials were considered the most promising and 
the percentage emergence, mean of all doses, is recorded in the second 
column of Tables I, II, and III for the various crops involved. Results 
with the standard treatments are also given. 


EXPERIMENTAL FUNGICIDES 


The five outstanding chemicals found in the greenhouse tests are: 
No. 201 y-Chloroacetoacetanilide, CICH,COCH2CONC,.Hs 
No. 854 Cupric y-chloroacetoacetanilide 
No. 5400 Reaction product of dimethyldithiocarbamate and sulfur 
dichloride 
and the previously reported chromate complexes: 
No. 224 0.4HgO-3ZnO-CrO; 
No. 640 CuO-ZnO-1.3CrO3:5H2O 


PHYSICAL AND CHEMICAL PROPERTIES 


All of the chemicals tested could be ground to powders and were readily 
applied to the seeds as dust treatments. 

The chromate complexes, No. 224 and 640, are neither true compounds 
nor simple mixtures but are ‘“‘non-Daltonian in character, 2.e., distinct and 
reproducible chemical entities the ratios of whose components are capable 
of being varied continuously over a wide range of composition”’ (3, p. 209). 
The chromium is present in the hexavalent state and is of a low order of 
solubility. Empirical formulae are given above. It will be noted from the 
formula that No. 224 as now prepared and used has been modified and 
contains less mercury than the first sample (4). The Cr*® solubility in 1.0 
per cent suspension is less than 0.009 per cent. Like most chromate com- 
plexes, it possesses considerable color and would be described according to 
the Ridgway System (6) as ‘‘ochraceous buff.’’ The copper-zinc-chromate 
complexes are described by Harry, et al., (3). The Cr*+* solubility for No. 
640 in 1.0 per cent suspension is less than 0.002 per cent and the color is 
“‘vellow green.” 

The -y-chloroacetoacetanilide (No. 201) melts at 137 to 138° C., and is 
relatively insoluble in water. The cupric salt of y-chloroacetoacetanilide 
(No. 854) melts at 185 to 188° C. with decomposition. It also is relatively 
insoluble in water and would be characterized as “‘light Paris green’’ in 
color. Compound 5400, the reaction product of dimethyldithiocarbamate 
and sulfur dichloride, melts at 138° C., and is relatively insoluble in water. 
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MAMMALIAN TOXICOLOGY 


Preliminary toxicological information has been obtained through the 
courtesy of the Chemical Hygiene Fellowship of the Mellon Institute of 
Industrial Research, University of Pittsburgh, Pittsburgh, Pa. It is em- 
phasized that this information was obtained in screening tests. It is pre- 
sented here to give a first approximation of toxicology. 

The mercury-zinc-chromate (224) had an oral LDs0 of 0.63 g. per kg. 
for male albino rats which is less toxic than that for some of the standard 
mercury and copper seed treatments. Similar tests for the copper-zinc- 
chromate (640) gave an LDs50 of 3.62 g. per kg. which is less toxic than 
that for most standard seed treatments. In a special inhalation test of four 
hours’ exposure to the dust, neither No. 224 nor 640 was harmful to ma- 
ture rats. Several standard materials killed some or all of the rats in com- 
parable tests. Skin irritation tests on the clipped rabbit belly with a 1 to 
I suspension in water provoked no response in the case of No. 640 and only 
a very mild one for No. 224 while of other common seed protectants tested, 
all seven produced more serious responses. Eye damage tests consisted in 
the application of the dry dust and also a 1 to 1 suspension in water in 
excess to the cornea of the rabbit eye. All nine seed treatments tested 
caused considerable corneal necrosis in both dry and wet application ex- 
cept No. 640 which caused only minor eye injury as a dry powder. Com- 
pound 224 rated intermediate in toxicity in the dry form and both No. 224 
and 640 rated low in the injury scale for the suspension. 

Compound 201, y-chloroacetoacetanilide, has shown skin irritation to 
some research workers, and hence cannot be considered a practical seed 
treatment. Thus, No. 201 was not included in the winter Florida tests. The 
summer field tests, however, were initiated before this response had been 
clarified and these field data will be presented because of their general 
bearing on fungicidal action. 

Cupric y-chloroacetoacetanilide (No. 854) when fed to rats as a 10 per 
cent suspension in 0.25 per cent agar gave an LD50 of 1.87 g. per kg. The 
estimated LD 50 for rabbits by skin penetration of suspensions in propylene 
glycol was 0.55 g. per kg. Ten per cent solutions or suspension in water, 
acetone, or methanol in a 24-hour test caused mild capillary infection on 
only a few of the rabbits, when applied to the clipped belly. In the four- 
hour rabbit belly irritation test the dry powder was less irritating than 
a water suspension. Human skin patch tests are in progress. 

Compound 5400 (reaction product of dimethyldithiocarbamate and sul- 
fur dichloride) in single dose oral toxicity tests to rats showed an LD50 
of 0.30 g. per kg. Indications are that in propylene glycol the LDs50 by 
skin adsorption in rabbits is above 2.0 g. per kg. 
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TABLE I 


PERCENTAGE EMERGENCE IN SEED TREATMENT TESTS AT DIFFERENT STATIONS; 
DosE IN Oz. PER 100 LB. RECORDED UNDER Crop NAME 


Green- Yonkers, | Bridgeton,| Wooster, | Willard, Belle 
house N. Y. N. J. Ohio Ohio | |) Glade, BEES 
Bem Fla. Station omit 
Material mean Green- 
Pea house 
& Fla 
a 2 5 2 5 lr 288k) 2).06r.o 2 
640 67 o1 89 89 71 Sr 79) 85 88 57 76.8 84.1 
224 75 92 86 81 67 85 80 90 683 4L 74-7 83.0 
854 ey Ae} 04 one 88 70 72) 73 82 80 48 73.8 81.2 
Arasan 58 90 87 76 61 80 85 34 69.0 80.5 
5400 65 92 86 US Si ie Ue i aii 32 67.2 76.5 
201 74 95 92 86 60 79 72 On Sy 83.9 
Spergon 92 89 So, a 80 83 80.3 
Phygon 90 890 87 81 
Semesan 81 Ope 92 90 79 
Y. Cuproc. Opa 84 84 62 
Control 26 82 42 44 64 12 45.0 58.0 
ESD IS 12 4 8 Sei 3 15 
Lima bean 
b ” 5 2 5 2.0 fo 2 
5400 Wen 84 85 81 68 85 ot I0.0 66.8 82.3 
Arasan 81 86 83 eo oy 83 2.8 65.2 80.7 
Spergon 76 82 84 79 «668 85 1.8 63.9 80.5 
854 76 74 itt 72 75 77. 80 2.2 60.5 74.8 
640 40 Il 81 27 78 64 77 1.4 43-9 56.3 
201 74 46 73 54 67 85 82 67.8 
Semesan 80 85 82 83 
Phygon 78 78 84 61 
Voi Cuproc: 16 80 2871 
224 48 34 61 
Control 61 86 20 7 0.2 50.6 64.0 
LSD 5% sie) Io fo) 4 I 
Spinach 
b 4 I 4 I 6,3 GP" 3% 4 
i 
854 61 Zin. wok 50 42 30 36 ZOmeAT 13 22:04 30.0 
5400 si 2 FAO 5I 40 34 39 37. 45 13 31.6 31-3 
Arasan 52 1.2 4.0 45 36 40 43 8 31.0 gis 
640 53 Tn OMmOna: MS BA Sonera 30 «648 12 20.7 2a08 
224 50 2 OO 45 20 44 38 43 46 I 28.3 29.8 
201 56 1-4 3.0 44 43 OMS 7 48 43 31.9 
Spergon Te2) 0 Tag 7, re 40 D2) 
Y. Cuproc. 57 BNO! A310 55 48 
Phygon Br10)) an0 60 42 
Sones Ke eS 48 32 
ontro 4o 1.8 17 16 ° I ney) 16.2 
LSD 5% No No ae 2 es 5 : 
Beet 
C 8 2 iD Oles TO: 25 8 
854 138 Ae2 nO 34 38 Tome Si 84 87 6 65.2 -6 
Arasan 134 6.6 3.3 62 42 78 97 { ee ee 
5400 131 1.6 os/8: 49 31 82 68 89 91 32 62.0 R272 
640 125 Zn, (O10 4I 20 Wf brik) 84 93 22 560.8 48.0 
224 109 P22) 6622 20 26 49 47 79 «688 5 44.9 38.8 
201 126 Tino) oye 20 27 WS Be} 95 79 46.0 
Spergon rity. Morale) 22 20 40 84 36.5 
Phygon 1g oh 836 36 65 
Semesan T4128 Rie Ya 
ee Geom 116 Bale) ysl) 43 28 
ontro 102 L:'6 26 44 6 2 
LSD 5% 23 4.0 18 5 3 ° 3 ota 3 


a, Mean of 4, I, 0.25 oz.; b. mean of 16, 4, 1, 0.25 oz.; ¢. mean of 64, 16, 4, I Oz. 
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Wak 


BEEAIH 


PERCENTAGE EMERGENCE IN SEED TREATMENT TESTS AT DIFFERENT STATIONS; 
DosE IN Oz. PER Ioo LB. RECORDED UNDER Crop NAME 


Greenhouse Yonkers, Bridgeton, Belle Glade, 
Boa. INS Ys Neds Florida Lee 
- tation 
i Cucurbit mean 
a 2 Ais 2 28 
201 85 27; 23 61 50 55.0 
5400 84 20° «IO 58 55 53-3 
854 8r 15 19 550655 50.1 
Spergon 70 24, ES yp of its) Behe 
Arasan 72 Ig) 616 BA aay, 45-0 
640 60 18 8 40 4I Ato 
224 74 BD 3 34 32 39-7 
Phygon 21 7 60 44 
Y. Cuprocide 21 Io SO. 15% 
Semesan 18 9 42 51 
Control 48 12 32 30.7 
LSD 5% 4 Io 
Cabbage 
a 4 I 4 ar 
Arasan 590 30 22 63 50 Aye 
224 63 30 20 Gye 55 47.0 
Semesan 58 31b 20¢ 48b 40¢ 45-5 
5400 57 29 06.26 go 4 43-7 
854 48 B30 a tky, 46 54 41.0 
201 ae 20 18 BAe, 36.2 
640 50 28 21 ag yl 36.0 
Phygon B22, 44 47 
Spergon 22 17 38 40 
Y. Cuprocide 8 17 2B 33 
Control 36 15 32 OriPY 
LSD 5% pac) No 15 
Snap bean 
2 2S 2 a 2 
Arasan 85 35 78) iT 55 72.5 
5400 88 82 70 79 52 72 50 
640 84°) 85 79 78 50 Hee 
854 81 84 78 85 46 70.0 
224 85 80 80 wa 51 70.0 
201 85 88 Hoo= Ot 
Semesan 85 86 80° 77 
Phygon 85 83 82 76 
Spergon 83 82 itil “Ubek 
Y. Cuprocide 78 86 78 74 
Control 83 33 
LSD 5% 5 No No 
Tomato 
4 I 4 I 4 
640 20 19 68 66 67 Brae 
854 24 20 64 60 51 45.0 
5400 19 22 Il ayfac 44 43-5 
Arasan 21 15 60 62 47 42.0 
224 D5 es: 54 58 33 34-7 
Phygon T5aeeek 7o 8658 
Semesan 16 22 61 63 
Y. Cuprocide Gus 62 «58 
Spergon 19 eS 59 51 
201 18 II 52 52 
Control 15 52 37 34-7 
LSD 5% No No 16 


a. Mean of 16, 4, I, 0.25 02.3 b. 602.3 ¢. 1.5 OZ. 


IO CONTRIBUTIONS FROM BoycE THOMPSON INSTITUTE [VoL. 16 


FIELD TESTS 


Field tests have been performed on the five above experimental com- 
pounds in comparison with appropriate standards at seven stations in 
five different states on various crops. 


NEW YORK 


Ten crops tested at Yonkers, New York, were as follows: pea (Pisum 
sativum L.) var. Thos. Laxton, beet (Beta vulgaris L.) var. Detroit Dark 
Red, cabbage (Brassica oleracea L.) var. Golden Acre, spinach (Spinacia 
oleracea L.) var. Bloomsdale Savoy, sweet corn (Zea mays L.) var. Golden 
Cross Bantam, lima bean (Phaseolus limensis Macf.) var. Henderson Bush, 
muskmelon (Cucumts melo L.) var. Bender Surprise, snap bean (Phaseolus 
vulgaris L.) var. Tendergreen, tomato (Lycopersicon esculentum Mull.) var. 
Bonny Best, peanut (Arachis hypogaea L.) var. Spanish. 

The rate of treatment was 2 oz. per 100 lb. on the larger seeds for the 
experimental materials; 4 oz. per 100 lb. for cabbage, spinach, and tomato; 
and 8 oz. per 100 lb. for beets. The standard fungicides were applied accord- 
ing to manufacturers’ directions when given, and varied from 2 to 24 oz. 
per 100 lb., the details of which are stated in the tables. Thus, the doses of 
the experimental materials applied were equal to or less than the standard 
materials and hence in some cases the former were under a dosage handi- 
cap. In addition, in order to emphasize difference, all treatments were 
applied at one-quarter of the above rates. 

The standard protectants employed were thiram, 7.e., Arasan (50 per 
cent tetramethylthiuram disulfide) and Semesan (30 per cent hydroxy- 
mercurichlorophenol), duPont Semesan Co., Wilmington, Del., chloranil, 
1.e., Spergon (96 per cent tetrachloro-p-benzoquinone), and Phygon (98 
per cent 2,3-dichloro-1,4-naphthoquinone), U. S. Rubber Co., New York, 
N. Y., and cuprous oxide, z.e., Yellow Cuprocide (86 per cent Cu), Réhm 
& Haas Inc., Philadelphia, Pa. 

The seeds were treated on the rolling machine (4) and counted out into 
replicate lots of too. Five replicates of each treatment, each dose, and each 
kind of seed were planted on the Institute farm at Yonkers. The small 
seeds (beet, cabbage, spinach, and tomato) were in units of three-foot 
rows and the large seeds in units of six-foot rows. A replicate block con- 
sisted of seven rows across and three units lengthwise thus giving 21 treat- 
ments, 7.e., ten chemicals X two doses + control. The five replicate blocks 
gave a total of 1,000 seeds per chemical. The soil is Merrimac loam and the 
seeds were planted at normal time to several weeks ahead of normal for this 
area. In order to accentuate seed decay the seed was covered somewhat 
deeper than normal, in addition to the earlier planting. This probably 
resulted in the very poor stands reported for some crops. Results on per- 


1950] McCaLLAN—SEED PROTECTANTS IL 


centage emergence were taken about three weeks after planting and are 
recorded for both doses in column three of Tables I, II, and III. 


NEW JERSEY 


A similar series of tests were performed at Bridgeton, N.J., through the 
courtesy of the Seabrook Farming Corporation who furnished the land. 
An additional set of five replicates was planted at Bridgeton and all crops 
and treatments were included except peanuts. The plot design was also 
similar. The soil here is Sassafras sandy loam; the seed was planted on 
May 9g and emergence data recorded on June 1 and 2. Considerable rain 
fell between planting and record taking dates. The emergence data for 
both doses are recorded in column four of Tables I, I], and III. 


TABLE III 
PERCENTAGE EMERGENCE IN CoRN SEED TREATMENT TESTS AT DIFFERENT STATIONS 


Green- Vonkers..|_ Bridgeton! Wi Y Greenhouse] Belle 
howe |" N-Y, | NI. Olas Bona Ames, | Glade, 
‘ i SR BS Iowa Fla. Stati Mean 
Material - tation’ | omit, 
| Dose—oz. per I00 lb. meat Fla. 
| eS Boies 2 5 2.6) E28 | sua) 18) | 336) 08 2 
854 4 <70 03 95 82 86 a7 8A 1 Sa 89, 90 83 83.9 84.0 
Arasan 77 04 93 | 88-78 86 83 go? 88°} 60 81.6 85.2 
5400 73 04 94 83 790 83 88 78 70 ol 88 66 80.4 82.8 
224 84 04 OI 89 76 89 = 86 73 67 92% 90 54 80.2 84.6 
640 67 92 92 O27 82 85 72 64 81 Die 74.6 78.5 
201 76 92 90 86 83 81 85 84 67 03 83.8 
Spergon 56 or 89 80 71 82 74 864 iy Ro 
Semesan 92 93 go 81 
Phygon QI 93 82 89 | 90% 8of 
Y. Cuproc. | 80 88 79 Fo “| 
Control | 42 go a 76 88 65 17 65.0 73.0 
LSD 5% 9 4 7 2 4 4 6 


2 Mean of 16, 4, I, 0.25. 
Arasan SF 1.2 oz. per too lb. 

© Arasan SF o.9 oz. per 100 lb. 
2.7 OZ. per 100 lb. 

€ Phygon paste 1.8 oz. per 100 lb. 
Phygon paste 0.9 oz. per 100 lb. 


OHIO 


The experimental seed treatments were tested at Wooster and at Wil- 
lard, Ohio, by Dr. J. D. Wilson. The crops treated were pea (var. Freezo- 
nian), beet (var. Detroit Dark Red), spinach (var. Bloomsdale Long 
Standing), lima bean (var. Fordhook 242), and sweet corn (var. Golden 
Cross Bantam). All experimental treatments were applied at 1 and 2 oz. 
per bushel (converted in tables to 100 Ib. basis). The standards were 
thiram and chloranil at 2 oz. per bushel. Thus, here again the experimental 
materials were under a slight dosage handicap. The soil at Willard is muck 
and the lima beans were omitted. Seed from all treatments and doses were 
planted in five replicate lots of 100 seeds each. The emergence data for both 
doses are given in column five of Tables I and III for the Wooster results 
and column six of Tables I and III for the Willard results. 
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IOWA 


Tests in Iowa on hybrid field corn were conducted by Dr. C. S. Reddy. 
All experimental materials in 1949 were first tested in the greenhouse pre- 
ceded by a cold treatment in comparison with various standard fungicides. 
The mean results of nine such tests are reported in column seven of Table 
III. The same materials were then tested in replicated field plots at Cones- 


TABLE IV 


EFFECT OF VARIOUS SEED TREATMENTS OF CORN ON YIELDS IN BUSHELS PER ACRE 
AT THREE Locations IN Iowa (Data oF C. S. REDDY) 


1947 
Materials Oz. per too lb.| Conesville Kanawha _ | Shenandoah Mean 
224 1858) 54 69 61.5 
Phygon °.9 50 72 61.0 
Arasan SF 0.9-1.8 48 71 59.5 
Control 36 iy 5325 

1948 
224 Dey 81 07 103 03-7 
Spergon DG 79 100 98 92.3 
Phygon 0.9 HE 100 99 90.3 
Arasan SF °.9 73 04 97 88.0 
224 Ts HE 92 83 S27, 
Control 65 QI 80 Ooi 

1949 
5400 3.6 55 96 75+5 
224 Die 54 93 (B08) 
854 1.8 52 2 72).0 
201 Th fe} 51 gt FLO 
Arasan SF ie 51 Ql TpLxe) 
Arasan SF °.8 58 89 iO 
Phygon paste Tote 50 92 Gf 9 
Spergon Desi 56 85 TOs 
5400 1.8 51 eke) 79.5 
224 1.8 51 89 70.0 
Phygon paste 0.9 50 90 70.0 
640 3.06 52 88 FORO 
854 3.6 5° 88 69.0 
Control 48 87 67.5 


ville and Kanawha and the results are given in Table IV as yields per acre. 
In addition, the mercury-zinc-chromate (224) had been field tested at the 
two above stations in 1947, and at the same two and Shenandoah in 1948. 
These data are also given in Table IV. All results for lowa reported here 
are on the regular treatments unmodified by the addition of stickers. The 
doses applied in the Iowa tests varied and are given in the tables. In this 
case, contrary to all others, the standard treatments were applied at equal 
or smaller doses and hence here have a slight dosage handicap. 
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FLORIDA 


By means of the facilities of Dr. G. R. Townsend, four experimental 
compounds, No. 224, 640, 854, and 5400, were compared with standard 
treatments for nine crops at Belle Glade, Florida. The seed furnished by 
Dr. Townsend was treated in Yonkers and consisted of the following: pea 
var. Little Marvel), beet (var. Detroit Dark Red), spinach (var. Blooms- 
dale), snap bean (var. Stringless Black Valentine), lima bean (var. Ford- 
hook 242), sweet corn (var. Golden Cross Bantam), peanut (var. Spanish 
Runner), and delinted cotton. The dose applied was 2 0z. per 100 lb. for 
all seed except spinach and tomatoes which received 4 oz. and beets which 
received 8 oz. The standard treatment was thiram for all crops except 
cotton where Ceresan (ethylmercury phosphate 5 per cent, duPont 
Semesan Co., Inc.) was used. In the case of lima bean, the mercury-zinc- 
chromate was omitted because of its now well established injurious effect 
and chloranil was substituted. Five replicate lots of 100 seeds each were 
planted on the muck at Belle Glade during mid-November 1949 and 
emergence data recorded several weeks later. Due to unusually cold 
weather, the cold-sensitive lima beans, peanuts, and cotton did not pro- 
duce a good stand. Results for all crops except peanuts and cotton, which 
were too meager and inconclusive, are given in column seven of Table I, 
column five of Table II, and column eight of Table III. 


DISCUSSION OF RESULTS 


The results for all treatments, crops, and stations may be seen in 
Tables I, II, and III. In order to conserve tabular space the original per- 
centage emergence figures, for the most part, have been rounded to the 
nearest whole number. Least significant differences at the 5 per cent level 
(7) have been calculated for all data except the field tests from Iowa. In 
most cases significant differences were found between the treatments for 
any given crop at any station. The notable exceptions are snap beans 
and tomatoes (Table II). From the percentage emergence data provided 
in these tables, detailed comparisons may be made of the relative per- 
formance of the various seed treatments at any given station. Of more 
general interest, however, are the average results or overall picture for 
the different treatments at all stations for a given crop. In spite of the fact 
that at some stations and for some fungicides there was only one dose, the 
most informative average appears to be the “‘station mean,”’ that is, the 
mean of the station means. Hence the station means have been calculated 
for all fungicides that were tested at all stations and are shown in the 
second last column of Tables I and III, and the last column of Table II. 
The standard treatment, chloranil, is of considerable interest but this was 
not tested in Florida or in the Institute greenhouse for most crops; likewise 
compound No. 201 was omitted in Florida. Thus, in order to compare 
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these treatments with the others, a second column of station means omit- 
ting the Florida and/or greenhouse data has been calculated for peas, 
beets, spinach, lima beans, and corn, and is shown in Tables I and III. 


RANKED DATA 


It is desirable to combine the data for all stations for a given crop and 
apply a test of significance of difference in order to draw general conclu- 
sions as to performance. However, due to the wide variation in response 
level at the different stations, the variances are not homogeneous and 
hence the data cannot logically be combined for an over-all analysis of vari- 
ance (7). By employing the method of ranks, the requirements for homo- 
geneity of variances and a normal distribution are not needed, and a simple 
and rapid test may be applied with but little loss in efficiency (2). In addi- 


TABLE V 


MEAN RANKS AND SIGNIFICANT GROUPINGS FOR DIFFERENT FUNGICIDES 
ON THE SEEDS OF VARIOUS CROPS 


Pea Beet Spinach Lima bean Tomato 
640 1.8 Thiram 1.8 5400 1.6 
224 De® 5400 2.0 854 Dai Thiram 2:0 640 TT 
854 2.7 Thiram Aol 854 2.0 
854 Dol] 5400 2.9 Chloranil 3.4 5400 Qi, 
Thiram 3.9 640 Bal 640 3.6 854 Bo Thiram 3.7 
5400 4.4 224 Bo 
224 5.4 Control 4.6 224 a 
Control 6.0 Control 5.6 Control 5.6 640 5.6 Control 5.5 
Cabbage Snap bean Cucurbit Corn 
Thiram 2.0 201 1.0 5400 resp 
224 Zins 5400 22 224 3.2 
Semesan 2.7 Thiram Bok 
5400 3-7 854 3-7 | 854 3-6 
854 4.8 Chloranil 4.2 201 3.9 
5400 1.8 Thiram 4.7 
201 6.0 Thiram’ 72.2 224 One 640 5-9 
640 6.3 640 Bon 640 Ons Chloranil 6.3 
854 3-5 
Control 8.0 224 4.2 Control 7.8 Control 6.9 


tion, different kinds of data, such as percentage emergence and acre yields, 

-may be combined. Accordingly all treatments tested at all stations for a 
given crop have been ranked by station average and the mean ranks are 
shown in Table V. 

By using the x,” test as described by Wilcoxon (8) the data have been 
separated into significantly different groups which are separated by a 
horizontal space in Table V. For example, for peas No. 640, 224, and 854 
are significantly better (19:1) than thiram and 5400, which in turn are 
significantly better than the control. Thus, at a glance all treatments 
may be compared and their relative performance noted. 
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RANK CORRELATIONS 


It is of some concern to correlate the relative performance of the 
treatments at different stations; this also may be done on the ranked data 
as illustrated by Wilcoxon (8). Correlations between various stations’ 
results deemed of interest have been calculated and are recorded in Table 
VI. It is to be emphasized that in preparing the rank correlations all data 
have been utilized and not necessarily only those which are given in Table 
VY. For example, in correlating Yonkers and Bridgeton, 11 different treat- 
ments were available, and in comparing Wooster and Willard, 8 treatments 


TABLE VI 
SIGNIFICANCE OF RANK CORRELATIONS 


Lima | Cucur- | Cab- Snap 


Comparison Corn Pea Beet | Spinach nea bit ine Bean Tomato 
Yonkers No No Sign. No Sign.* No No 
Bridgeton Sign. Sign. High Sign. High Sign. Sign. 
Beat. Wooster High No No No Sign. 
green- vs.; Willard No Sign. No No 
house Belle Glade No No No Sign. Sign. 
mes Sign. 
| greenhouse 
Yonkers Sign. No No No No No No 
Belle vs.) Bridgeton Sign. High No Sign. Sign. No No 
Glade Wooster No No No No No 
| Willard No No No No 
Yonkers vs. Bridgeton No No High High High* High High No High 
Wooster vs. Willard No No Sign. No 
Conesville vs. Kanawha No 


* Omitting control. 


were used. Of primary interest is the correlation between the results at the 
Institute greenhouse where the initial testing was done and the results 
at the various field stations. Outstanding here is the significant or highly 
significant correlation with Bridgeton for all crops. With each of the other 
stations the results were significantly correlated with somewhat less than 
half the crops. A better correlation between the greenhouse and Yonkers 
field tests might have been expected; a possible explanation is the unusual 
depth of planting in the field. In the case of lima beans there was significant 
correlation at all stations. Altogether the correlation in order of ranking be- 
tween the initial Institute greenhouse tests and the various field stations 
was significant or highly significant in half the cases. This gives added 
confidence to the greenhouse screening methods (4). 

Florida is being used as a winter trial ground for new fungicides; hence 
the correlations between Florida and the northern vegetable stations have 
been determined. The Bridgeton correlations are significant for four of the 
seven crops, but for most all other crops and stations there was no signifi- 
cant correlation. This perhaps is to be expected because of the wide dif- 
ference in environment. 

It is of some interest to compare the naturally paired field stations of 
Yonkers and Bridgeton in the East, Wooster and Willard in Ohio, and 
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Conesville and Kanawha in Iowa. The correlation between Yonkers and 
Bridgeton is surprisingly good, being highly significant for six out of nine 
crops. Wooster and Willard, however, showed a significance for only one 
crop, beets, out of a total of four crops. A possible explanation here is 
the marked difference in soil types. The field corn results in lowa were not 
significantly correlated between the two field stations. However, the green- 
house results were significantly correlated with those of the Institute 
greenhouse on sweet corn. 

Lack of correlation is often due to the erratic response of one or two 
fungicides, as in Iowa. Also it should be pointed out that the number of 
paired fungicides is not large and it is thus difficult to attain significance. 
Even with the expected lack of homogeneity between the various stations 
it is still possible to show the more important overall significant differences 
between various of the fungicides as has been done in Table V. 


GREENHOUSE TESTS ON SORGHUM 


Preliminary greenhouse tests have been made at the Institute on 
sorghum (Holcus sorghum L.) seed treated with the experimental fungi- 
cides. The seed which had a somewhat lowered vitality, especially suitable 
for fungicide evaluation, was kindly furnished by the Associated Seed 
Growers Inc., New Haven, Conn. There were two varieties, Hegari and 
Martin’s Combine. The seed was treated at rates of 4 and 1 oz. per 100 
lb. Fifty seeds were planted for each dose of each fungicide in infested 
greenhouse soil. The mean percentage emergence in comparison with Ara- 
san and Spergon is given in Table VII. 


ABLES VUE 


PERCENTAGE EMERGENCE OF SORGHUM IN GREENHOUSE SEED TREATMENT TEsTs. 
MEAN DOSE OF 4 AND 1 OZ. PER 100 LB. 


Material Hegari Martin’s Combine Mean 
224 78 86 82 
854 73 pe 72 
640 66 76 71 
5400 67 61 64 
Arasan 55 Tig 64 
Spergon 51 57 54 
Control 28 16 22 
LSID RG, 14 12 9 


It will be seen that the mercury-zine-chromate (224) gave the best 
results and was significantly ahead of the standard materials for both 
varieties. In the mean results it was even significantly better than the next 
best compounds, cupric y-chloroacetoacetanilide (854) and the copper- 
zinc-chromate (640). 
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SEED STORAGE 


A limited number of treated seeds of pea, beet, spinach, sweet corn, 
lima bean, cantaloupe, and cabbage held in storage at room temperature 
were available for viability tests. The seeds had been treated with varying 
doses, the highest of which was about four times as strong as the recom- 
mended doses, and they had been held for 10 to 12 months in lightly stop- 
pered bottles. Germination tests in steamed and infested greenhouse soil 
indicated for the most part that the treated seed had not lost its viability 
or efficiency relative to standard seed protectants. There were, however, 
exceptions; thus, the mercury-zinc-chromate significantly decreased the 
germination of beet, cabbage, and cantaloupe at the highest dose and the 
copper-zinc-chromate decreased that of beet and cabbage. Also the chro- 
mate complexes at higher doses adversely affected the germination of lima 
bean as would be expected. It is to be noted that in most cases where the 
experimental treatments had performed well in the control of seed decay 
they did not adversely affect the germination of the treated seed after 
storage. 

CONCLUSIONS 


In order to simplify the drawing of general conclusions as to seed treat- 
ment value, the rank data of Table V have been summarized in Table 


TABLE VIII 
SUMMARY OF SEED TREATMENT RATINGS 
Crop | 224 640 201 854 5400 | Thiram | Chloranil 
Peas (et: A A A B B B 
Spinach B B B B B B B 
Beets & B B B A A e 
Limas D © Cc B A A B 
Cucurbits B B A B A B B 
Cabbage A B B A A A B 
Beans G CG G ¢ © Cc (C 
Tomatoes GC 2B (G B B B (e 
Corn A B A A A A B 


VIII. Here the treatments have been accorded an A, B, C, or D rating; 
C is assigned to all treatments which are not significantly different from 
the check; B is the group significantly better than the check; and A the 
most promising group which is significantly better than B; D rating is for 
treatments significantly poorer than the check, 7.e., injurious. The standard 
treatments thiram and chloranil have been included; sufficient data were 
not available for other standards. It will be seen that for many crops one 
or more of the experimental compounds was found at least equal to the 
best standard treatment and in some cases they are significantly better. 
Results with peanuts and cotton were too limited, due to poor stands in- 
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duced by local conditions, to arrive at any conclusions for any of the 
treatments. The sorghum results have not been included formally in the 
summary table because of their preliminary nature. 

The mercury-zinc-chromate (224) is especially promising on pea, cab- 
bage, and corn; fair results were obtained on spinach and cucurbits. It is 
decidedly injurious to lima bean and probably without effect on beet, snap 
bean, and tomato. Results with corn have been most interesting and en- 
couraging. On the basis of rank data, No. 224 placed high for the mean 
of all stations, being exceeded only by No. 5400. It has also led all standard 
treatments in all three years of Iowa yield tests. There is indication that 
its performance on muck soil (Willard, Ohio, and Belle Glade, Florida) is 
less effective. The higher dose for corn of 130z. per bushel or about 3 oz. 
per roo lb. appears to be necessary for best performance. Indications are 
that the mercury-zinc-chromate will show to best advantage under severe 
conditions of unfavorable soil and temperature. The preliminary sorghum 
results also indicate that the mercury-zinc-chromate may have a very 
promising application on this crop. 

The copper-zinc-chromate (640) gave best results on peas. Here its 
average results were significantly better than chloranil or thiram, generally 
considered outstanding for this crop. Good results were obtained on sor- 
ghum and fair ones on beet, spinach, cucurbit, cabbage, and tomato. Actu- 
ally the copper-zinc-chromate was first on tomato though none of the 
treatments were outstanding. It may be injurious to lima bean. 

Compound 5400, reaction product of dimethyldithiocarbamate and sul- 
fur dichloride, is probably the most generally effective of all the experi- 
mental fungicides. It is especially promising on lima bean where it placed 
first in three stations and second in the remaining two. It is also promising 
on corn where it ranked first, and on beet, cabbage, and cucurbits. It was 
the only treatment exclusive of No. 201 to rate an A on cucurbits. Fair 
results were obtained on pea, spinach, and tomato. Like all other treat- 
ments including standards, no difference could be shown over the checks 
for snap bean. 

Cupric y-chloroacetoacetanilide (No. 854) was very effective on pea, 
corn, and cabbage and gave fair results on the other crops reported. 

y-Chloroacetoacetanilide (No. 201), although giving excellent results 
in seed protection on pea, cucurbit, and corn, cannot be considered a prac- 
tical treatment because of skin irritation to operators. 

Since one or more of all four experimental fungicides have given promis- 
ing data on all of the ten crops reported above (excepting snap bean where 
even the standard treatments did not show to advantage), it is probable 
that they would also give encouraging results as seed treatments on a 
variety of other crops. 
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SUMMARY 


From a series of 640 chromate or organic compounds evaluated as pos- 
sible seed treatments by greenhouse tests on peas and other seeds, there 
were selected as promising seed protectants the following four compounds: 
mercury-zine-chromate complex, o.4HgO.3ZnO.CrO; (No. 224); copper- 
zinc-chromate complex, 4CuO.Zno.1.3CrO3.5H2O (No. 640); cupric y-chlo- 
roacetoacetanilide, cupric salt of CICHz,COCH2zCONC.Hs (No. 854); and 
the reaction product of dimethyldithiocarbamate and sulfur dichloride 
(No. 5400). A fifth compound, y-chloroacetoacetanilide (No. 201), also 
gave good protection, but was later eliminated because of skin irritation 
to humans. 

Limited storage tests indicate no reduction in the effectiveness of the 
chemical or deleterious effect on the seed of those crops on which they gave 
good field results. Preliminary toxicological tests on animals indicate no 
unusual health hazards. 

These experimental compounds were tested under field conditions in 
comparison with standard protectants, especially thiram and chloranil, on 
pea, spinach, beet, lima bean, cucurbit, cabbage, snap bean, tomato, and 
corn. Field tests on some or all crops were performed in 1949 at seven dif- 
ferent stations representing New York, New Jersey, Ohio, Iowa, and Flor- 
ida. Greenhouse tests were made on sorghum. 

The mercury-zinc-chromate was the outstanding material tested on 
corn, ranking high for mean of all stations; in addition, it placed ahead of 
the standard treatments in each of three years’ yield tests in Iowa. Good 
results were also obtained on pea, cabbage, and sorghum and fair results 
on spinach and cucurbit. However, it is decidedly injurious to lima bean 
and probably ineffective on beet, snap bean, and tomato. 

The copper-zinc-chromate ranked first on pea. Fair results were ob- 
tained on the other crops excepting lima bean to which it is probably in- 
jurious. 

Cupric y-chloroacetoacetanilide is effective for pea, corn, cabbage, 
and sorghum and fair for the other crops. 

The reaction product of dimethyldithiocarbamate and sulfur dichlo- 
ride (No. 5400) ranked first on lima bean, corn, and cabbage and also was 
good on beet and cucurbit and fair on the other crops. It is the most gen- 
erally effective of all the compounds tested. 


Note Added in Galley Proof 


Preliminary data received on the human skin patch tests with No. 854 
noted on p. 7 indicate that the irritation is sufficient to preclude the prac- 
tical use of this material as a seed treatment. 
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FACTORS INFLUENCING SPRAY INJURY BY 
GLYOXALIDINE DERIVATIVES TO 
POTTED APPLES TREES! 


Oe Ea Aee VIE CAREAN 


The fungicidal properties of glyoxalidine derivatives were first reported 
by Wellman and McCallan (15) in 1945. Since then certain of the deriva- 
tives have been rather widely tested as foliage sprays, especially for apple 
scab and cherry leaf spot, where in general they have given good control 
(I, 2, 3, 4, 5, 6, 7, 14). Failure to control apple scab in 1946 has been 
ascribed by Harry, McNamee, and Wellman (10) to hydrolysis of the 
glyoxalidine derivatives. However, at various times there have been re- 
ports (1, 2, 3, 4, 5, 6, 7) of injury to both apple foliage and fruit. Accord- 
ingly a preliminary study has been made under laboratory and greenhouse 
conditions to elucidate, if possible, the factors involved. 


MATERIALS AND METHODS 


The apple trees (Pyrus malus L.) were the variety McIntosh on dwarf 
Malling IX stock grown in six-inch pots. A supply of potted plants was 
maintained in cold storage at 0.5° F. and removed to room temperatures 
when required for use. The trees were severely pruned back and used for 
the injury studies when the shoots were about six inches or longer and held 
six or more leaves. During the early summer when growth was more active 
it was possible to use the same plants again as continued elongation had 
produced more leaves. Duplicate or triplicate potted plants were used for 
a given variable in all cases and a total of over 400 plants was observed. 

The study was based primarily on a 50 per cent solution of acetates of 
“mixed glyoxalidines”’ in isopropanol, that is, the 1949 341C formulation. 
The ‘‘mixed glyoxalidines”’ consist of approximately 65 per cent 2-heptade- 
cylglyoxalidine, 32 per cent 2-pentadecylglyoxalidine, and less than 3 per 
cent 2-heptadecenylglyoxalidine. A quart of 341C formulation is equiva- 
lent to three-quarter pound of glyoxalidine derivatives. 

Tests were also made under the more important conditions on the 1949 
341SC formulation. This is a modification of the C formulation in that the 
glyoxalidine was prepared from 98 per cent pure stearic acid and consists 
essentially of pure 2-heptadecylglyoxalidine in isopropanol; practically 
no 2-heptadecenylglyoxalidine is present. The SC formulation, however, 
is less concentrated, one quart containing only the equivalent of one-half 
pound of glyoxalidine. In addition some limited observations were made 


1 These results were reported before the American Phytopathological Society, New 
York, N. Y., December 1949 (12). 
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on the 1949 B formulation which consists of 30 per cent “‘mixed glyoxali- 
dines” and 3.3 per cent of 1-hydroxyethyl-2-heptadecylglyoxalidine dis- 
persed on kaolin, and on a wet ball milled sample. The fungicidal appli- 
cations were made under the standard conditions of the spray laboratory 
by means of a touch-up paint gun at 4o Ib. pressure (11, 13). 


FACTORS STUDIED 


The various factors studied were as follows: 

Concentration. The standard field concentration for 341C, namely, 0.25 
per cent or one quart per 100 gallons of spray, was applied. However, since 
the variety McIntosh is not particularly sensitive to injury from 341, a 
four-fold or 1.0 per cent concentration was also applied. In the case of 
341SC which contains only two-thirds as much active ingredient per vol- 
ume of SC the necessary correction was made to give concentrations equiv- 
alent to those employed for 341C. The standard and four-fold concentra- 
tions were used in all tests. Also, when appropriate, unsprayed controls 
were carried. 

Lime. The presence and absence of lime was studied in most of the tests. 
The standard ratio of calcium hydroxide was used, namely 5 g.+10 ml. 
341C formulation to make 1,000 ml. of a 1 per cent spray. 

Temperature. Temperatures of approximately 35°, 50°, 70°, 80°, go°, 
and roo°® F. were obtained in controlled chambers to which the sprayed 
plants usually were exposed for 20 to 24 hours. In some cases, the sprayed 
plants were exposed to freezing temperatures of from 28° to 30° F. for one- 
half hour before exposure to various of the above temperatures. 

Humidity. Saturated atmospheres were also studied at temperatures of 
50°, 70°, 80°, and go® F., in contrast to dry air (25 to 50 per cent relative 
humidity) for all the temperatures available. 

Soil moisture. The effect of sprays on plants grown in normal watered 
pots was compared to plants not watered for two days prior to spraying 
in which the soil had dried out and the plants showed obvious signs of 
wilting. 

Duration of exposure. Plants were exposed for short periods of four 
to six hours to certain of the factors studied in contrast to the longer and 
usual exposures of 20 to 24 hours. 

Duration of time between spraying and exposure. Normally all plants 
were exposed to the specified condition immediately after spraying. In one 
test, the plants were held out-of-doors for periods of one, three, seven, 
and fourteen days before exposure. 


RESULTS 


It was found that injury could be induced on the young foliage which 
was apparently similar to that reported in the field as early season injury 
from 341C. This is typified by a bronzing of the lower surface of the leaf, 
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TABLE, I 


SUMMARY OF INJURY FROM GLYOXALIDINE DERIVATIVES 
EXPRESSED IN ARBITRARY UNITS 


Factor Average response* 
AS Control 
Standard concentration (0.25%) Dez 
4X standard concentration (1.00%) PAN 
B Lime 6 
No lime ay) 
Le as. F ons 
50° F 0.5 
70° F 10 
80° F it 5 {33 
go° F 2.2 
100° F DC) 
D Humid air QD 
Dry air T65 
E Moist soil 2.0 
Dry soil 1.8 
F 4-6 hrs. at go° F. DB 
20-24 hrs. at go° F. Daas 
G Time between spraying and exposure at 90° 
° 3-3 
1 day 2.5 
3 days Bo) 
7 days TG 
14 days 0.8 
H | 341C formulation ai) 
341SC formulation, no lime 0.9 
341SC lime On 2 


* Scale, o no injury to 5 for severe injury. 
** Formulation 341C used in Sections A to G. 


of varying extent. In the mildest cases, a slight bronzing was barely 
noticeable on a small area, while in the more serious cases the whole lower 
leaf was involved and speckled necrotic areas appeared through on the 
upper surface. This response was usually confined to the younger but more 
or less fully developed leaves situated several leaves below the leaf bud. 
Less typical and common symptoms were a necrosis of the margins and 
center portions of the youngest leaves just emerging from the bud, that is, 
the very crown of the plant. As the plant aged, the bronzing appearance 
of the lower leaves which were young when sprayed, took on more of a 
whitened effect. The extent of bronzing was characterized as none, very 
slight, slight, moderate, severe, and very severe. In order to simplify tabu- 
lation, averaging, etc., these degrees of injury were given numeral ratings 
respectively of zero, one, two, three, four, and five. 

The results from the various factors studied are summarized in Table 
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TABLE II 


COMPARISON OF CONCENTRATION, LIME, TEMPERATURE, AND FORMULATION ON INJURY 
FROM GLYOXALIDINE DERIVATIVES EXPRESSED IN ARBITRARY UNITS* 


90° F. 
1SC formulation 
341C sf 
formulation No lime Lime 
Control ° fo) 
Standard concentration Tian 0.6 0.4 
4 X concentration 3.6 Drs 0.8 
70° F 
Control ° ° fo) 
Standard concentration °.8 ° ° 
4 X concentration 2.0 2.0 ° 


* Scale, o no injury to 5 for severe injury. 


I. The numeral values represent the average injury response for the factor 
specified. The average, however, is obtained from a number of different 
conditions. Thus within a section, for example B, lime and no lime, direct 
comparisons can be made since the values are the result of a number of 
paired comparisons under different conditions. However, direct compari- 
sons between sections, for example A versus B, should not be made as the 
conditions may be somewhat different. 

It will be seen in Section A that no injury was observed on the checks. 
However, injury increases with increasing concentration and more than 
doubles in the change from standard to four-fold concentration. The pres- 
ence or absence of lime was studied in almost all experiments and, in gen- 
eral, no overall difference could be noted as seen in Section B. Henceforth 
all tabular references to 341C, for example Section H and Table II, are the 
average results of lime and no lime tests. 

The effect of temperature is summarized in Section C. Injury increases 
rapidly with higher temperatures and is marked at go° F. The apparent 
injury at 100° F. is less than at go° F. This, however, is due to the fact 
that the conditions are not comparable at both temperatures as will be 
explained below. Experiments at below freezing temperatures, not shown, re- 
sulted in mild freezing injury, but not in characteristic 341 injury. It is inter- 
esting to note that the reports of injury in 1949 from early season spray (7) 
came largely from the relatively southern areas comprising North Carolina, 
New Jersey and the Shenandoah, Cumberland, and Hudson valleys where 
the early spring had been unusually warm. In northern New England and 
in Canada the glyoxalidine sprays performed satisfactorily without reports 
of injury. Under laboratory conditions the older leaves appeared resistant 
to spray injury; this perhaps correlates with the field observation that 
injury in the above areas was not noted after petal fall. 
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An atmosphere saturated with moisture is much more conducive to 
injury than a relatively dry atmosphere as shown in Section D of Table I. 
The results at 100° F. alone are based only on a dry atmosphere, whereas 
those at go° F. to 50° F. include both dry and saturated atmospheres. The 
plants growing in a dry soil and in a wilted or near wilted condition, Section 
E, appear more resistant to injury. There is, however, relatively little in- 
formation on this factor. 

Injury apparently occurs soon after exposure to unfavorable conditions, 
that is, go° F., and is not appreciably increased by prolonging the time from 
a few hours to 20 or 24 hours, as is shown in Section F of Table I. Sprayed 
plants held out-of-doors for periods up to three days before exposure to 
high temperature and high humidity showed no diminution in injury, 
Section G. The injury declined somewhat at seven days and very much at 
fourteen days, though in part this may have been due to rain which fell 
during the period. 

In the last section, H, of Table I, there is a direct comparison of 341C 
and SC formulations. 341SC without lime is appreciably less injurious than 
C, and when lime is added the decrease in injuriousness becomes very 
pronounced. 

Limited results not given in Table I indicate that 341B formulation 
shows about the same order of toxicity as 341SC and that a wet ball milled 
sample of 341 is more injurious than these but less than the 341C formula- 
tion. 

The detailed results are given in Table II of a comparison of 341C 
and 341SC with and without lime at the different concentration levels 
and at 70° F. and go® F. both at 100 per cent relative humidity. It will be 
seen that at 70° F. even the four-fold concentration of the 341SC formula- 
tion with lime causes no injury, while at go° F. the standard concentration 
produced relatively little injury. The data here show that 341SC with 
lime is less than one-quarter as injurious as 341C. Other laboratory studies, 
and field data by Chandler and Thurston (8), indicate that the non-in- 
juriousness of the 341SC formulation is due to its content of essentially 
pure 2-heptadecylglyoxalidine, while the injuriousness of the 341C formu- 
lation is due primarily to the unsaturated 2-heptadecenylglyoxalidine and 
' secondarily to the pentadecy! derivative. 

Scab control. Greenhouse studies with apple scab on the dwarf McIntosh 
plants have been performed using the spray laboratory equipment (11, 13) 
and following the general procedures of Hamilton and Mack (g) for hand- 
ling the trees and scab organism. The results of three tests with three 
replicate plants at each of three concentrations gave a mean EDg5 value 
of o.o12 per cent (active ingredient) for 341C and 0.018 per cent for 
341SC; these differences are not significant. Field tests in the Institute 
dwarf McIntosh orchard, using five replicate trees per concentration and 
comparing 341C and 341SC at one-half and two pounds (active ingredient) 
per 100 gallons gave identical control of foliage scab. 
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SUMMARY 


Spray injury from glyoxalidine derivatives was induced on the young 
leaves of potted apple trees under laboratory conditions. This bronzing of 
the lower surface resembled that reported from early season sprays with 
341C formulation. 

The most important factors are high concentration, high temperatures 
of go° F. or above, and high humidity. 

The 341SC formulation containing essentially pure 2-heptadecylgly- 
oxalidine, plus lime, is less than one-quarter as injurious as the 341C for- 
mulation containing a mixture of different glyoxalidines. 
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FACTORS INFLUENCING DEPOSITION IN THE 
VACUUM-=BELL JAR DUSTER 


Sy las Ne IMICCONTIE NS 


A vacuum bell jar duster has been described by Farrar, O’Kane, and 
Smith (1) for use in insecticide tests. Recently Richards and Murphy (5) 
have used one for tests with fungicides, working specifically with bean 
rust. Since this apparatus appears likely to become of more general use in 
the laboratory evaluation of insecticides and fungicides, a study has been 
made of various factors influencing deposition. 


APPARATUS 


A vacuum bell jar duster was built following the general specifications 
of Farrar et al.; however, several modifications were introduced to meet 
local conditions, or because they appeared to be improvements. 

The bell jar measured 20.5 cm. inside diameter and 35 cm. inside 
height, with a neck 5.0 cm. long and 3.6 cm. inside diameter. Since the 
apparatus was employed on a bench at the side of a hood in the spray room 
(2) the method of mounting and exhausting was changed. The bell jar 
was mounted on a smooth slab of alberene stone 26 cm. square and 3 cm. 
thick. A sheet of hard rubber was glued to the upper surface of the stone 
to serve as a gasket and to protect the surface of the stone. In addition 
a ring-shaped gasket was cut slightly larger than the base of the bell jar. 
The two gaskets provided an excellent seal between the bell jar and stone. 
The potted plants to be dusted were placed directly on the center of the 
rubber-covered stone. The bell jar was wrapped with fly screen wire for 
protection in case of breakage. 

The metal dusting unit or loading device illustrated in Figure 1 was 
constructed of a stainless steel cap 6.5 cm. in diameter and 1.2 cm. thick. 
Through this cap was inserted a stainless steel tube of 1.2 cm. inside dia- 
meter, which projected 1.2 cm. above the cap and 1.8 cm. below. Two brass 
supporting rods approximately 0.3 cm. in diameter were screwed into the 
lower surface of the cap either side of the tube. These rods were 5.7 cm. 
long and at the lower end were brazed to a brass ring. This ring replaces 
the concave disc of the original (1) and together with its accompanying 
watch glass is considered the major improvement in the vacuum dusting 
apparatus. The ring is 3.1 cm. in diameter and approximately 2.5 mm. 
thick. At about 3 mm. from the outside edge of the ring it is bored out 
to hold a standard 25 mm. watch glass. The upper inside diameter of the 
ring is thus slightly more than 2.5 cm. and the lower about 1.7 cm.; the 


Copyright, 1950, by Boyce Thompson Institute for Plant Research, Inc. 


27 


28 CONTRIBUTIONS FROM BOYCE THOMPSON INSTITUTE [VoL. 16 


intervening lip supports the watch glass, the upper rim of which is flush 
with the upper surface of the ring. The lower surface of the steel cap was 
fitted with a hard rubber gasket to provide a seal against the ground glass 
top of the bell jar. 

The use of the watch glasses simplified the loading apparatus, since 
accidents are likely to occur when transferring a small amount of dust to 
the loading pan under the relatively rough conditions of a spray labora- 
tory. Since the watch glasses are not of exactly the same diameter, it will 
be necessary to discard a small percentage which are too large or too small 
in order to get a good fit in the ring. 


FicurE 1. Loading unit with watch glass holding dust at side. Watch 
glass is placed in beveled ring when ready to use. 


As now employed the amounts of dust are weighed out in the laboratory 
and immediately transferred to the 25 mm. watch glasses. The individual 
watch glasses are placed on a tray equipped with a false bottom 30X43 
cm. in which are bored a series of 70 holes (7 X10) 2 cm. in diameter, as 
illustrated in Figure 2. Each hole will carry a watch glass in a fairly stable 
position and in addition the tray is provided with a cover sufficiently high 
to clear the piles of dust on the watch glasses. The identification of the 
dust samples is recorded by position on the tray. 

A general laboratory vacuum line was available and the pressure was 
regulated by a valve and read on a mercury manometer. It was found 
desirable to insert a trap between the manometer and vacuum line, which 
consisted of a 1 liter vacuum flask filled with glass wool. About 100 cm. 
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of pressure tubing is needed between the trap and side entrance of bell 
jar where it is attached in order to provide flexibility for moving and ex- 
hausting the bell jar. 

After dusting, the bell jar is placed over a box attached to the hood. 
The box is 60 cm. long (the width of the hood window), 30 cm. wide, and 
ro cm. high and is closed except for one side and a hole in the top. The open 
side fits next to the hood, the window of which is closed upon the box. The 
bell jar is placed directly over the hole (20.5 cm. diameter) where it is 
rapidly exhausted (Fig. 3 B). 

The plant to be dusted is placed under the bell jar. The loading unit is 
held on a ring support and the watch glass containing the dust samples is 


FIGURE 2. Tray to hold watch glasses of dust. 


inserted on the ring. The unit is then placed in position in the neck of the 
bell jar and the steel tube closed by placing a rubber stopper on top (Fig. 
3 A). The bell jar is evacuated to the desired pressure and the stopper 
quickly removed. The bell jar is raised, the dusted plant removed, and 
the jar placed on the exhaust box. If necessary the bell jar is wiped out with 
a clean cloth. It is then placed over a fresh plant and the process repeated. 


METHODS 


These studies on deposition were confined to bean plants (Phaseolus 
vulgaris L.) of the varieties Pinto and Tendergreen grown in 3-inch pots 
and before use thinned to single or duplicate plants per pot. The plants 
were used when the pair of primary leaves was from one-half to fully 
expanded and before there was an appreciable growth of other leaves. In 
order to have a means of measuring the amounts of dust in the leaf deposit, 
ro per cent of brilliant blue dye powder’ by weight was thoroughly incor- 
porated in the dust. A microscopic examination showed that the dye 


1 Brilliant Blue F.C.F. Coal Tar Dye. Eimer & Amend, New York, N. Y. 
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Ficure 3. A. Vacuum bell jar assembly with potted plant under bell jar, loading unit 
in position in neck of jar, rubber stopper on top of loading device closing system which has 
been evacuated to desired pressure. Removing stopper will discharge dust. Note manometer 
and suction flask trap. B. Bell jar being exhausted on box inserted at side of hood. Note 
that loading unit has been returned to extension ring on tripod ready to be loaded with 
another watch glass of dust. 
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powder was uniformly distributed throughout the dust. The dust consisted 
of Pyrax ABB diluent unless otherwise stated, and other carriers. 

After deposition the dust was recovered from each leaf by washing the 
surface carefully with ro ml. of distilled water delivered from a pipette. 
Since the blue dye is water soluble the amount of dust recovered could be 
determined readily in a colorimeter. The area of each leaf was also deter- 
mined by means of a planimeter and the amount of dust deposited was 
expressed as milligrams per square decimeter of leaf surface. 


EXPERIMENTAL RESULTS 


The factors deemed of importance in deposition and studied separately 
were: area of leaf surface; weight of dust sample; pressure; height of plant, 
1.e., distance between plant and watch glass; time of deposition; number 
of plants in duster; upper and lower leaf surfaces; types of dust diluents; 
and variation between paired leaves, paired plants, and replicate tests. 

Area of leaf surface. Deposition on leaves of different areas (total for 
both surfaces) was studied for sample weights of 25, 50, 100, and 200 mg. 
A constant reduced pressure of 240 mm. mercury within the bell jar and 5 
seconds time was maintained here, as in other cases, where these two fac- 
tors were not under test. A reduced pressure of 240 mm. Hg results in a 
difference of approximately 10 lb. per sq. inch between the inside of the 
bell jar and the outside atmosphere. The scatter diagrams obtained for the 
above samples are shown in Figure 4 A. Highly significant linear regres- 
sions (7) were obtained for dust deposition on leaf area; thus it may be 
concluded that deposition is directly dependent on leaf area. Hereafter 
the difference in leaf area was corrected for, by expressing the results for a 
constant area of 1 sq. decimeter. 

Weight of sample. The most convenient size of sample for this apparatus 
is 50 or 100 mg., but deposition over the range 25 to 300 mg. was investi- 
gated. The results shown in Figure 4 A calculated on the basis of unit leaf 
area are presented in Figure 4 B. It will be seen that deposition is directly 
proportional to size of sample. This has been confirmed in many subse- 
quent tests. 

Pressure. The bell jar was evacuated to reduced pressures of 440, 340, 
240, 140, and 4o mm. of mercury and the resulting deposition determined. 
Results based on two different weights of sample (50 and 100 mg.) and two 
sets of paired plants, 7.e., 16 separate leaves and determinations per pres- 
sure, are give in Figure 5. The relation here appears to be approximately 
linear with a small increase in deposition (mean of both leaf surfaces) of 
0.16 mg. per sq. dm. per too mm. Hg. decrease in pressure within the bell 
jar. The linear regression as calculated falls just short of significance (7). 

Distance between dust sample and leaf. Potted bean plants were placed 
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Ficure 4. A. Dust deposits on individual leaves for 25, 50, 00, and 200 mg. samples. 
B. Above data calculated to show linear relation between size of sample and amount of 
deposition per unit area. 
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"under the bell jar, (a) on the alberene stone, (b) 5 cm. above it, and (c) 


to cm. above. Deposition studies were made as in the pressure series on 16 
separate leaves per height. An analysis of variance (7) failed to show any 
significant difference in deposition due to height. It is thus apparent that 
differences in heights of plants, at least within the range studied, are with- 
out appreciable effect on the final deposition. 

Number of plants. A comparison was made of the total deposit on single 
plants as compared to two plants in a pot exposed at the same time. Data 
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FIGURE 5. Relation of deposition to pressure within bell jar. 


based on two single plant exposures and two double plant exposures for 
25, 50, 100, and 200 mg. samples showed a consistent difference of 12 per 
cent heavier deposit for the single plants. This difference is presumably due 
to the interference of one leaf on another in the case of the two plants. 
No significant difference in variation of amount deposited per plant could 
be shown between duplicate plants in the same pot dusted at the same time 
and single plants dusted in succession. 

Time of deposition. In studying deposition times it was essential to 
remove the rubber stopper very sharply and to lift the bell jar from the 
plant in a similar and precise manner. Times of 1, 2, 5, 10, 20, 40, and 80 
seconds between removing stopper and plant from bell jar were studied. 
Dust samples of 50, 100, and 200 mg. and replicated single plants were 
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used. The whole series of tests was repeated a second day. In all, 24 
separate leaf analyses were made per time exposure. The results of one 
series are illustrated in Figure 6. 

Upper and lower leaf surfaces. The data shown in Figure 6 were obtained 
separately for both leaf surfaces. It will be seen that at the shortest times 
little if any difference between the two surfaces is evident. However, as 
time elapses the deposit continues to build up on the upper surface. These 
data and others indicate that after about 5 seconds there is little further 


Lower Surface 


DEPOSIT, MG/DM? LEAF SURFACE 


Om ) - {ko 20 40 80 
EXPOSURE TIME, SECONDS 


FrGurE 6. Relation of deposition to exposure time for 
upper and lower leaf surfaces. 


deposition on the lower surface and that on the upper surface is due to 
gravity. Accordingly a time lapse of 5 seconds has been adopted as stand- 
ard. It should be noted that since deposition for the upper surface is 
continuing the 5 seconds’ exposure should be carefully determined when 
making comparative evaluations of dusts. 

Diluents. A series of 10 representative dust diluents listed in Table I 
was selected on the basis of the classification of Watkins and Norton (9) 
and was compared with Pyrax ABB used above. Mean results of a series 
of tests with the different diluents based on two single plants and, three 
weights of samples are given in the last column of Table I. There is con- 
siderable difference among the diluents in the amount deposited. The phy- 
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TABLE [| 


Dust DiLuENTs EMPLOYED, WITH MEAN DEPposITION IN MG. PER Sq. Do. 
FOR SAMPLES OF 50, 100 AND 200 MG, 


: Trade Deposi- 
Type identification Manufacturer fon 
Wood flour G28T8N20 Waterside Milling Co., 2.04 
. Tacoma, Washington 

Silicon dioxide Celite 209 Johns Manville Sales Corp., 3.06 
New York, N. Y. 

Calcium hydroxide | Hydrated lime Mallinckrodt Chem. Works, 2.78 
St. Louis, Mo. 

Calcium carbonate | Calcium carbonate Mallinckrodt Chem. Works, 2.08 
St. Louis, Mo. 

Calcium sulfate Gypsum 2.24 

Talc Talc, grade #41 Eastern Magnesium Tale Co. Inc.,| 2.209 
Burlington, Vermont 

Pyrophyllite Pyrax ABB R. T. Vanderbilt Co. Inc., Ths Wal 
New York, N. Y. 

Montmorillonite Wyobond Wyoming | Wyodak Chem. Co., 2.17 

bentonite 200 mesh Cleveland, Ohio 

Kaolinite Cherokee clay R. T. Vanderbilt Co. Inc., 1.39 
New York, N. Y. 

Attapulgite Attaclay Attapulgus Clay Co., 1.99 


Philadelphia, Penn. 


sical state of suitable dust diluents used in the vacuum bell jar duster calls 
for certain physical properties such as a fluffy free-flowing dust, medium 
volume for a given weight, and absence of excessive ‘‘smoking”’ after re- 
moving the bell jar. Five of the dusts which met these criteria were reex- 
amined and the relative data on deposition were confirmed. An analysis 
of variance indicated that the samples of talc, bentonite, Pyrax ABB and 
Attaclay tested did not differ significantly in amount deposited on leaves, 
as shown in Table II. However, the Cherokee clay deposited only about 
two-thirds as much. All five diluents, however, would be considered suit- 
able for use with this apparatus. 


TABLE If 


DEPOSITION OF Dust DILUENTS. MEAN MG. PER Sq. DM. 
FOR Two PLANTS AND Two TEsTS 


. Sample, wt. in mg. 

Diluent me ea Pan Mean 
Sale 0.98 2.00 Any 2.40 
Bentonite 1.14 2.03 3.80 232 
Pyrax 0.85 1.94 3.28 2.02 
Attaclay 1.10 1.99 2.91 2.00 
Cherokee clay 0.69 1,22 2.05 Lge 
LESDeross 0.41 


Sources of variation. In addition to the controllable sources of variation 
discussed above there are various factors which in general cannot be con- 
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trolled and which introduce errors or variation into replicate determina- 
tions. These variations appear to be due to three major sources: the varia- 
tion between deposition on opposite leaves of the same plant, between dif- 
ferent plants dusted in the same experiment, and between experiments 
performed at different times, that is, day to day variation (3). 

_ Representative data for deposition have been collected and analyzed 
for 50, 100, and 200 mg. samples of Pyrax ABB dust; 240 mm. Hg. pres- 
sure; 5 seconds’ deposition time; on opposite leaves; single plants repli- 
cated twice; and the entire experiment composed of two plants or four 
leaves per sample repeated on different days over a period of time. The 
combined analyses gave the following results: 


DF SS, MS 
Between experiments 17 56.7096 3-3359 
Between plants of same experiment 20 17.4936 0.8747 
Between leaves of same plant 40 14.7886 0.3607 


It is interesting to compare the relative magnitude of these three 
sources of variation. However, following the reasoning of Tippett (8, p. 92), 
Snedecor (6), and others on the components of variance, it may be con- 
cluded that the mean square for ‘‘between plants’ is made up of two 
variances, that attributable to different plants plus that attributable to 
different leaves of the same plant. Likewise the “between experiments” 
error is composed of three separate estimates of error, that due to dif- 
ferent experiments, to different plants, and to different leaves. By employ- 
ing the procedures described above the following ‘‘corrected’’ variances 
were obtained: 


V Coefficient of 
variation 
Between experiments 0.6153 DiS 55 
Between plants On2525 16.4 
Between leaves 0.3607 19.8 


It will be seen that the magnitude of error due to different leaves or to 
different plants is about the same, giving respectively coefficients of varia- 
tion of 19.8 per cent and 16.4 per cent. The errors due to different experi- 
ments or day to day variation, as is generally to be expected, are somewhat 
greater with a coefficient of variation of 25.5 per cent. These errors are 
considerably in excess of those obtainable for the very precise settling tower 
method of applying sprays (4) but are probably reasonable for the applica- 
tion of dusts. 

SUMMARY 


1. A vacuum bell jar duster was constructed following the general 
principles of Farrar et al., but modified to carry the samples of dust in 
movable 25 mm. watch glasses. The apparatus was also designed for use 
with a hood. 

2. Deposition was studied on bean plants using dusts mixed with dyes. 
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The water soluble dye was recovered from the deposited dust and measured 
in a colorimeter and the amount of dust deposit calculated. 

3. Deposition is directly dependent on weight of sample and area of 
leaf. The deposit increases slightly with decrease in pressure within the bell 
jar; 240 mm. Hg was adopted as standard. Height of plant 7.e., distance 
from dust sample, was without effect on amount of deposit. 

4. The deposit on the lower surface of the leaf does not continue to 
build up much after 5 seconds from time of discharging dust. However, 
deposition on the upper surface may continue for a minute or more. Five 
seconds was taken as standard time. 

5. Ten different representative dust diluents were studied and found 
to differ considerably in desirable dusting qualities and amount deposited. 
Satisfactory diluents were samples of Eastern Magnesium talc, Pyrax 
ABB, Wyobond Wyoming bentonite, Cherokee clay, and Attaclay. 

6. The primary source of error is day to day variation in experiments 
giving acoefficient of variation of 25 per cent while the error of different 
plants and different leaves from the same plant contribute respectively an 
additional 16 and 20 per cent variation. 
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LYGUS BUGS IN RELATION TO SEED PRODUCTION 
AND OCCURRENCE OF EMBRYOLESS SEEDS IN 
VARIOUS UMBELLIFEROUS SPECIES 


FLORENCE FLEMION AND JUNE OLSON 


Many of the freshly-harvested seeds of the Umbelliferae which appear 
well-filled and normal fail to germinate because they do not have embryos 
(4). The embryoless condition is apparently caused by the tarnished plant 
bug (Lygus oblineatus Say) since it has been shown (3) that many such seeds 
are produced on plants of dill and carrot which have been exposed to feed- 
ing at various stages after the blossoming period. Control plants protected 
from Lygus bugs are essentially free of embryoless seeds. 

The data presented in the present paper show that feeding by Lygus 
bugs also results in embryoless seeds in other umbelliferous species such as 
celery (Apium graveolens L.), coriander (Coriandrum sativum L.), fennel 
(Foeniculum dulce Mill.), goutweed (Aegopodium podagraria L.), parsley 
(Petroselinum hortense Hoff.), and parsnip (Pastinaca sativa L.). Seed 
yield of dill and parsnip was also greatly reduced when Lygus bugs were 
permitted to feed during and immediately following the flowering period. 
Other insects tested such as stinkbug (Pentatomidae sp.), spotted cucum- 
ber beetle (Diabrotica duodecimpunctata F.), and smartweed flea beetle 
(Systena hudsonias Forst.) caused some injury but did not produce em- 
bryoless seed. 

MATERIALS AND METHODS 


Plants of coriander, dill, and fennel were grown in the greenhouse from 
seed while plants of both wild and cultivated carrot, celery, parsley, and 
parsnip were grown out-of-doors, the roots having over-wintered outside 
in soil. Plants of goutweed, an annual, were collected in the wild. All of 
the experiments described below were conducted in 1949 with plants of 
these various umbelliferous species which had been transplanted to eight- 
inch clay pots containing fertile soil. 

Prior to flowering the plants were sprayed with 0.125 per cent emul- 
sion of 40 per cent TEPP (tetraethyl pyrophosphate) (3, p. 306) and then 
placed in insect-free cages. Houseflies (Musca domestica L.) (3, p. 300) 
were kept continuously in all of the cages during the flowering period to 
serve as pollinators. The various other insects added to the cages (for 
technique see 3, p. 300-301) were all collected in Yonkers, New York, 
except three large shipments of Lygus bugs (tarnished plant bug) obtained 
in early June—one collected by Harriet Poole at Freehold, New Jersey, 
and two through the courtesy of the Department of Entomology at 
Rutgers University collected in the vicinity of New Brunswick, New 
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Jersey. The insects were identified by Dr. Albert Hartzell and Dr. Harry 
L. Haynes of this Institute. 

The supply of insects in each cage was replenished periodically so that 
several could be detected at all times without much difficulty. Although 
the number of insects was not rigidly controlled, at least 30 adult Ly- 
gus bugs were placed in each cage (2’X3’ X59’ high, for illustration see 3, 
p. 301) at the beginning of the experiment and more were added when the 
number seemed to diminish. In one experiment, Lygus were detected in 
the non-infested cage so they were eliminated by spraying with TEPP 
and thereafter all control plants and cages were similarly sprayed at 
periodic intervals. Nicotine (0.1 per cent) was used for the control of aphids 
on all the plants whether caged with or without Lygus bugs. 

When mature, the seeds were harvested and kept at room temperature. 
Subsequently, all of the seeds of a given umbel or of a group of umbels of 
a particular treatment collected on a given date were thoroughly mixed 
and representative samples of 50 seeds each in duplicates were examined 
for embryolessness by a technique previously described (5). The data 
obtained are presented below. 


RESUETS 


Early in the summer of 1949, potted dill plants were transferred from 
the greenhouse to outside insect-free cages when the primary umbel (first 
order) on each plant was showing signs of development. Subsequently, 
umbels of the second, third, and sometimes of the fourth order developed. 

In one experiment, Lygus bugs were added to cages containing plants 
with the various orders of umbels at different stages of development rang- 
ing from flowering to firm brown seeds. The umbels were removed as they 
ripened and the period of exposure for the individual umbels thus varied 
according to the stage of seed development when Lygus were added. In 
the other experiment, a different set of plants was caged and Lygus were 
added when umbels of the first order had flowered and the ovaries were 
swelling. Subsequently, only these umbels were collected. The seeds all 
ripened at about the same time and the period of exposure to Lygus was 
approximately 25 days. The results obtained from these two experiments 
appear in Table I. An ample supply of Lygus bugs was maintained in the 
respective cages while the control plants were kept free of Lygus. 

After the ripe umbels were harvested, two samples of seed from each 
were examined for embryolessness and the summarized data are presented 
in Table I. The average percentage of embryoless seeds produced when 
Lygus bugs were present was 51 and 67 per cent, respectively, while the 
controls averaged less than 1 per cent. This is similar to the data obtained 
during the summer of 1948 (3). In both years a few embryoless seeds occa- 
sionally were obtained in the controls and it is not known whether this is 
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due to some other factor or insect or whether Lygus, perhaps as nymphs, 
entered the control cages. However, when Lygus were intentionally added 
large percentages of the seeds were embryoless. It was shown in the earlier 
study (3) that nymphs as well as adults were destructive. When allowed 
to feed on developing dill seeds these insects were able to destroy the 
embryo at almost any stage of development but caused no apparent dam- 
age to either the endosperm or the fruit coats. 

Lygus bugs were also caged with plants of other umbelliferous species 
and the data obtained on embryolessness are shown in Table II. When the 
experiment was well under way and seeds were developing, Lygus bugs 


TABLE I 


EFFECT OF ExposING DILL AT VARIOUS STAGES OF FLOWERING 
AND SEED DEVELOPMENT TO FEEDING By LYGUS OBLINEATUS 


| Seed produced 
Insects | Stage of seed No. of | No. of 
added development plants | umbels Total Embryoless, 7% 
No. Average Range 

Lygus Flowering to firm 10 C7 28,053 51 2- 94 
———| brown seed 
None 10 52 22,185 0.6 o- 2 
Lygus Past flowering, ova- 16 16 818 67 8-100 
————| ries swelling —_—__—_———— 
None a 13 2,296 On2 oO 3 


were detected in several of the control cages. A number of these insects 
were found in the wild carrot cage feeding on several umbels containing 
seeds well set but not yet ripe and it is not known how they entered. 
Five Lygus bugs were inadvertently added to the cage containing the 
control parsley and cultivated carrot plants. While this error was dis- 
covered within 24 hours the insects could have produced considerable dam- 
age during this period. As soon as detected, the Lygus bugs were removed 
and the control plants of wild and cultivated carrot and parsley as well 
as the inside of the cages were sprayed with TEPP and this procedure was 
repeated at periodic intervals thereafter. The control cages and plants for 
all the other umbelliferous species were henceforth similarly sprayed. 
As seen in Table II embryolessness was obtained in the carrot and pars- 
ley controls but higher percentages were produced in the Lygus cages. 
The presence of these insects in the control cages could readily account 
for the percentage of embryoless seeds obtained since it was previously 
shown (3) that just one Lygus bug, whether adult or nymph, could pro- 
duce a tremendous amount of destruction in a very short period of time. 
Although no Lygus bugs were observed on the control celery plants, 
8 per cent embryolessness was obtained as compared with 61 per cent 
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TABLE II 
PRODUCTION OF EMBRYOLESS SEEDS IN VARIOUS UMBELLIFEROUS SPECIES 


Potted plants, outside, summer 1949 Seed production 
Total number 
Kind Treatment meee ae Jo 

Plants | Umbels Seeds Mis 

Carrot, cultivated | Caged insect-free* 5 1g T2012 Gia 
Caged with Lygus 4 3 419 50 

Caged insect-free* Bae 16 2,478 20" 

Carrot, wild Caged with Lygus 3 8 2,750 36 
Open field I I 1,540 2 

Celery Caged insect-free 2 89 1,841 8 
Caged with Lygus 2 61 1,399 61 

Coriander Caged insect-free 2 2 52 ° 
Caged with Lygus 4 4 99 62 

Caged insect-free 8 21 6,201 ° 

Fennel Caged with Lygus 6 14 Ghose We 
Open field 10 II 7,340 4 

Goutweed Caged insect-free 2 5 139 fo) 
Caged with Lygus 2 I 235 52 

Caged insect-free* 2 & | 61 ts 

Parsley Caged with Lygus 2 13 232 100 
Open field 2 12 72 5 

Caged insect-free 9 75 5,061 ° 

Parsnip Caged with Lygus 10 50 2,559 16 
Open field 5 7 5330 8 


* During the experiment Lygus were found and removed from control cages. 


TABLE III 


SEED PRODUCTION OF DILL AND PARSNIP WHEN CAGED WITH LyGUS OBLINEATUS 
CONTINUOUSLY FROM THE PRE-FLOWERING STAGE TO MATURE SEED STAGE 


Potted plants, outside* Harvest 
Umbels Seeds, No. 
Kind Treatment No. 
Kind’ }) Nox) “Total oie at 

Dill Caged insect-free 16 First 16 3,878 242 

Caged with Lygus 8 order 8 ° ° 

Open field 8 8 es PAP 222 
Parsnip Caged insect-free 9 All 50 1,568 7 

Caged with Lygus 9 orders ) 4 ° 

Open field it 7 626 626 


* Experiment started June 29, 1949. 
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produced in the cages when Lygus were maintained in the treated cages 
throughout the duration of the experiment. As in the case of carrot all of 
the celery plants were grown in the open until the time of caging. It is 
not known whether eggs or undetected insects were present at that 
time or whether the sprayings undertaken when the experiment was 


started and resumed sometime later were inadequate control measures. 


TABLE IV 


EFFECT OF CAGING VARIOUS INSECTS WITH DEVELOPING SEEDS OF DILL AND 


FENNEL ON THE PRODUCTION OF EMBRYOLESS SEEDS 


Potted plants, caged outside, summer 1940 


Harvest 
Insects added Mature seed 
f Um- 
ern) Feeding | Seed development, | Species | bel | Total “3 
Order | Family | Species nit ne none ae No. Ne, Condition 
Spotted Ovaries swollen Fennel I 181 | Embryo normal, 
cucumber endosperm scant 
beetle 
| | 
Ovaries swollen Dill I zor | Embryo normal, 
Cole- Chryso- | Chew- endosperm scant 
optera melidae ing — 
Smartweed Ovaries swollen I 120 | Embryo normal, 
| flea beetle endosperm scant 
Fennel 
Embryo immature, I 209 | Apparently nor- 
endosperm mature mal 
Ovaries swollen 2 fo) — 
Pe 3 Dill About 50% with 
Penta- | Stinkbug Mature 2 67 | endosperm gray 
| tomidae | (sp. ?) and punctured 
/ Suck- | Ovaries swollen Fennel I fo) -- 
Hemip- | | ing, : ; 
tera | pierc- | Ovaries swelling I 106 | 84% Embryoless 
| ing Dill i 
Tarnished Various stages I 584 | 63% Embryoless 
Mirid plant Coes ; 
Miridae | jis Ovaries swollen 2 ro16 | 79% Embryoless 
(Lygus) — re Fennel : 
| Embryo immature, I 298 | 88% Embryoless 
endosperm mature 


It is not likely that TEPP would destroy the eggs since it hydrolyzes so 
rapidly and has little or no residual effect. During the experiment the 
celery plants were frequently sprayed with nicotine because of heavy 
aphid infestations and it is possible that some of the very small insects 
observed were Lygus nymphs. 

In coriander, fennel, goutweed, and parsnip seeds (Table II) the aver- 
age percentage of embryolessness ranged from 16 to 1oo per cent in the 
Lygus cages while all the control seeds contained embryos. Since Lygus 
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bugs are present in Yonkers—although not in large numbers—it is to be 
expected as seen in Tables II and III that some embryoless seeds would be 
found on uncaged plants in the open field. 

Since some indication was obtained in the 1948 studies that Lygus 
bugs may reduce seed yield when feeding occurs at or near the flowering 
period, a more comprehensive experiment was undertaken. Lygus bugs 
were caged with plants of both dill and parsnip just prior to the flowering 
period and an ample supply of these insects was maintained in the cages 
until the seeds in the control cages were almost ripe. Although flowering 
occurred and houseflies were present as pollinators the resulting seed crop 
was a total failure as is shown in Table III. Thus Zygus bugs can destroy 
either the flower and/or seed in the very early stages of development but 
when feeding occurs at a later stage they destroy the immature embryo 
and do not disturb the more mature endosperm (Table IV). 

Various chewing and other sucking insects found out-of-doors on differ- 
ent umbelliferous plants were collected and caged with individual umbels of 
dill and fennel when the seeds were at the various stages of development 
as listed in Table IV column six. It is readily seen that Lygus bugs were the 
only insects feeding solely on the embryo while the other insects tested 
either destroyed the seed entirely or attacked only the endosperm. In 
the earlier report (3, p. 302) other insects found on umbelliferous plants 
such as ants, fireflies, Japanese beetles, lace wings, ladybird beetles, and 
syrphid flies were also caged with dill plants but none of these produced 
embryoless seeds such as occur when Lygus bugs are present. 


DISCUSSION 


Sometimes as high as 50 per cent or more of a freshly-harvested crop 
of apparently well-filled umbelliferous seeds cannot germinate because the 
embryo is lacking although the endosperm appears normal. Embryoless- 
ness in this group has been found to occur at random from year to year with 
no correlation as to source or variety, yield, soil types, climatic conditions, 
genetical influence, etc. (2). However, in a previous study (3) as well as in 
the present one, embryolessness almost invariably occurred and usually 
in very high percentages on plants or specific umbels which were caged 
with Lygus bugs. 

In the Umbelliferae double fertilization occurs (8). The endosperm soon 
becomes mature and firm while the embryo slowly undergoes changes and 
reaches maturity at about the time the external appearance of the seed 
changes from green to brown (3, p. 305). The mature embryo is quite 
small and lies imbedded in the endosperm, while in embryoless seed there 
is a cavity in the endosperm where the embryo would normally be located. 
Since the embryo in its development remains immature over such a rela- 
tively long period of time, the Lygus bugs have greater opportunity 
to feed upon and destroy it. When these insects, nymphs or adults, were 
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caged and allowed to feed on the developing seed (3) they destroyed the 
embryo at almost any stage of development but caused no apparent dam- 
age to either the endosperm or the fruit coats. However, when Lygus 
bugs fed on the flowers or ovaries, the entire fruit was destroyed and 
thereby the seed yield was reduced as shown above.! 

Lygus bugs have been known to reduce seed yields in various other 
species of plants for they are rather omnivorous feeders and produce bud 
blasting, blossom and young fruit drop, retardation of vegetative growth 
(11), general dehabilitation of the plant, and partial as well as complete 
destruction of the seeds. Much of the literature pertaining to seeds was 
reviewed earlier (3). Various investigators have shown that seed yields 
are greatly increased when Lygus bugs are controlled. The results with 
sugar beet illustrate, for instance, that not only seed yield (7, 12) but also 
seed viability (9) is increased by proper control of these insects. Several 
large growers of umbelliferous seeds in the western states report by cor- 
respondence that embryolessness was considerably reduced in r949 in the 
fields which were dusted primarily to control Lygus bugs. 

In all the studies to date with umbelliferous seeds Lygus bugs con- 
sistently produce high percentages of embryolessness when caged with 
plants or specific umbels. When various other kinds of insects found on 
umbelliferous plants were caged with umbels of dill and fennel, in some 
cases nothing happened (3, p. 302) while in other cases (as seen above) 
the seeds were either entirely destroyed or the endosperm was attacked 
while the embryo remained intact. While thus far only Lygus bugs have 
been found to produce embryolessness in this family, it is possible that 
other insects or perhaps some cultural condition may produce worthless 
seed. 

In the data presented above, although Lygus bugs were found in the 
control cages of carrot and parsley and could very easily account for the 
percentage of embryolessness obtained, it is not known whether this was 
the sole contributing factor. While no insects were found on the control 
celery plants, it is difficult to detect the nymphs (through the glass or 
mesh screening on the cages), due in part to their small size and in part to 
their coloration which is very similar to that of the plant. In addition, 
celery produces umbels, leaves, and branches in great profusion which all 
serve as excellent hiding places for Lygus which even as adults are not 
large (about 5 mm. in length). It is known that Lygus bugs oviposit in 
celery in early June as well as later and that as a result large broods of 
nymphs subsequently hatch (6). Many nymphs have been reported on 
wild carrot in late summer (1) and nymphs of two Lygus species have been 


1 Note added in galley proof: Handford, R. H. [Lygus campestris (L.): a new pest of car- 
rot seed crops. Canadian Ent. 81: 123-126. 1949] has reported that Lygus campestris seri- 
ously reduced carrot seed yield and when adequately controlled increases in seed yield were 
obtained. 
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observed on cultivated carrot (10). Thus the source of Lygus noted above 
on the wild carrot controls may have been due to hatchings of eggs ovi- 
posited prior to the time of caging the plants. 


SUMMARY 


Various insects such as Lygus bugs, stinkbugs, flea beetles, and cucum- 
ber beetles found on umbelliferous plants were collected and caged with 
developing seeds of dill and fennel. Only Lygus bugs produced embryoless- 
ness, that is, seeds with a cavity instead of an embryo while the endosperm 
and fruit coats remained apparently normal. Lygus bugs also produced 
embryolessness in other umbelliferous species such as carrot, celery, 
coriander, goutweed, parsley, and parsnip. It has not yet been deter- 
mined whether other factors or insects can also produce embryoless seeds 
in this family; however, the studies to date suggest that Lygus bugs are 
primarily responsible for the natural occurrence of the high frequency of 
this condition. 

In addition to producing embryolessness, Lygus bugs can greatly re- 
duce the seed yield in the Umbelliferae since the dill and parsnip crops 
were a total failure when insects were present during and immediately 
following the flowering period. Feeding at a later stage of seed develop- 
ment when the endosperm is mature but the embryo is still immature re- 
sults in embryolessness. 
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BIOASSAY OF INSECTICIDE SPRAY RESIDUES IN 
PROCESSED FOOD! 


ALBERT HARTZELL AND ELEANOR E. STORRS 
INTRODUCTION 


Public interest in the importance of spray residues is at the highest 
level since the arsenic scare in the r920s. The hazard to health has in- 
creased greatly with the advent of such insecticides as benzene hexachlo- 
ride, parathion, and chlordan which are many times more toxic to animals 
than DDT. The hearings now in progress before the Food and Drug Ad- 
ministration will lead to the establishment of minimum tolerances for most 
of the insecticides and fungicides used on crops. 

This will throw a great burden of responsibility on the processors of 
food. They will have to know what materials were used on the crop, 
what concentrations persist at harvest, and whether these materials will 
persist throughout washing and processing operations. This is no small 
assignment in view of the dozens of new compounds on the market and 
many others in the developmental stage. Obviously there is a great need 
for simple, practical methods of analyzing for these substances, and for 
information on the fate of the different insecticides at each stage of process- 
ing. The present paper deals with a single phase of this larger problem, 
namely the detection of insecticides in processed foods. 

Several chemical methods have been developed for the determinations 
of small amounts of certain residues from these new synthetic insecticides. 
These methods are for the most part colorimetric procedures or are based 
upon the analyses of organically bound chlorine. Such chemical methods 
conceivably may suffer from lack of specificity in that they may in some 
cases measure breakdown products derived from the insecticides instead 
of the actual insecticides themselves. 

Mosquito larvae are usually extremely sensitive toward insecticides 
and thus are well adapted for use in bioassay as has been pointed out in a 
previous publication (4). The mosquito larvae method measures toxicity. 
Unless the previous history of the sample is known it is not possible to 
arrive at any conclusion as to the amount of any particular insecticide 
residue that may be present. 

Nolan and Wilcoxon (5) have perfected a method of bioassay for para- 
thion in plant material which involves extraction of the parathion with 
benzene, evaporation of the benzene from aliquot portions, resuspension 
of the residues in water, and testing with Aedes aegypti larvae. This method 


1 The data in this paper were obtained cooperatively with the Beech-Nut Packing Co., 
Canajoharie, N.Y. 
Copyright, 1950, Boyce Thompson Institute for Plant Research, Inc. 
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is sensitive to about o.o1 p.p.m. parathion in plant material, and gives 
results that compare favorably with those given by the chemical method 
of Averell and Norris (1). It has been used mainly for the determination of 
parathion spray residues on fresh vegetables. 

For the work reported in the present paper a general procedure similar 
to that of Nolan and Wilcoxon (5) was applied for the bioassay of various 
other insecticides as well as parathion in processed foods. Of the insecti- 
cides tested, which are listed in Table I, parathion is by far the most 
active against Aedes aegypti larvae. There are certain factors that limit 
the sensitivity of the bioassay. It is necessary to extract the insecticide 
from the plant material with an immiscible organic solvent, such as ben- 
zene, in order to avoid the gross interference due to the various plant 
substituents. However, the benzene extracts contain besides the insecticide 
other extracted materials such as fats, oils, waxes, essential oils, pigments, 
etc. 

It was found that these other extracted materials interfere with the 
bioassay by reducing the toxic action of the insecticides. Also at higher 
concentrations these other extracted materials themselves appear to kill 
the mosquito larvae. Thus it is obvious that for the purpose of bioassay 
it would be ideal to be able first to separate the insecticide more carefully 
from the other extracted materials. However, this provides problems for 
future research. The data presented in this paper were obtained by the 
methods thus far developed. At the first stage of the work the toxicities of 
the pure insecticidal compounds in water solution were determined. 


MATERIALS AND METHODS 


Yellow fever mosquito larvae? (Aedes aegypti L.) were reared by meth- 
ods similar to those used in the culture of Anopheles mosquito larvae 
(2, 3, 4). Eggs* of Aedes aegypti were placed in shallow porcelain pans 
containing tap water maintained at a depth of about one inch. The eggs 
hatched in about 24 hours at room temperature. One hundred mg. of 
ground Milk-Bone dog biscuit per liter of water were added daily. Three- 
day-old larvae were used in the tests. At the end of the tests the larvae 
were killed by covering the surface of the water with kerosene for 24 hours 
before disposal. 

The processed foods were provided by Beech-Nut Packing Co. These 
were in sealed jars of the regular commercial type containing strained 
processed foods. The two products reported on in this paper are green 
beans and mixtures of apricots and apples. The proportion of apricots to 


* In regions where adults of this species may serve as a disease vector another species 
of Aedes should be substituted. Aedes eggs are more convenient than eggs of Culex because 
they can be stored dry for several weeks without losing their viability. 

’ Shipped by air mail from Orlando, Florida, courtesy of C. H. Bradley. 
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apples was 2 to 1. Some of the jars contained produce to which known 
amounts of insecticides had been added in a pilot plant prior to processing. 


Other jars (checks) for use in control work contained foods that had not 
been treated with any insecticide. 


TABLE I 
INSECTICIDES ADDED IN KNowNn AMOUNTS TO PROCESSED Foop 


Insecticide Active ingredient 

Parathion O,O-Diethyl O-p-nitrophenyl thiophosphate 

Heptachlor I (or 3a),4,5,6,7,8,8-Heptachloro-3a,4,7,7a-tetrahydro-4,7-methanoindene 

Aldrin I,2,3,4,10,10-Hexachloro-1 : 4,5: 8-dimethano-1,4,4a,5,8,8a-hexahydro- 
naphthalene 

Dieldrin I,2,3,4, 10, 10o-Hexachloro-6, 7-epoxy-1,4,4a,5,6,7,8,8a-octahydro-1:4,5:8- 
dimethanonaphthalene 

Chlordan 1,2,4,5,0,7,8,8-Octachloro-2,3,3a,4,7,7a-hexahydro-4,7-methanoindene 

Lindane Gamma isomer of benzene hexachloride (99% pure) 

BNP* 2-Nitro-1,1-bis(p-chlorophenyl) propane 

BNB* 2-Nitro-1,1-bis(p-chlorophenyl)butane 

DDT | 2,2-Bis(p-chlorophenyl)-1,1,1-trichloroethane 


Methoxychlor | 2,2-Bis(p-methoxyphenyl)-1,1,1-trichloroethane (100% pure) 


Rhothane 2,2-Bis(p-chlorophenyl)-1,1-dichloroethane 
Toxaphene Chlorinated camphene, approximate formula CjoHy0Cls 
Neotran Bis(p-chlorophenoxy)methane 


Miticide #2** | 80% Butoxypolypropylene glycol+20% Tergetol penetrant 
DMCT Bis(p-chlorophenyl!)methyl carbinol 


Arathane Dinitrocaprylphenyl crotonate 


* Commercial Solvents Co. 
** Carbide and Carbon Chemicals Division, Union Carbide and Carbon Corp. 
{ Sherwin Williams Co. 

The insecticidal compounds (Table I) used for making the standard 
solutions were of pure grade. Standard aqueous solutions or emulsions 
were prepared by adding to water, with shaking, ro ml. or less of a stand- 
ard o.1 per cent solution in acetone of the insecticide so as to make a 
volume of one liter. The toxicities to the mosquito larvae of the pure insec- 
ticidal compounds in tap water were first determined. The acetone solu- 
tion was added to water so as to make a 1.0 part per million emulsion. 
This and several serial dilutions made from it were tested on mosquito 
larvae. 
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In working with the processed foods the procedure was as follows. A 
weighed sample of the processed food (50 to 100 g.) was introduced by 
means of a wide-stemmed funnel into a bottle fitted with a ground glass 
stopper. One ml. of tap water and 2 ml. of benzene per gram of sample 
were added, the bottles were securely stoppered, and then shaken on a 
shaking machine for four hours. For the tests in which the insecticide was 
added to the control food just prior to analysis, a standard aqueous 
suspension of an insecticidal compound was added in the amount of 1 ml. 
per g. of sample and the mixture shaken for one hour. Then 2 ml. of 
benzene per g. of the original sample were added and the mixture shaken 
four hours more. In each case the resulting emulsion was broken by adding 
sodium sulfate, and then after standing, as much as possible of the ben- 
zene layer was decanted. A graduated series of amounts of this benzene 
extract (2 ml. now contained the extracted material from 1 g. of sample) 
was measured into beakers and the benzene was evaporated in a chemical 
hood without the application of heat with the aid of a current of com- 
pressed air. The residue in each beaker was redissolved by adding 0.5 ml. 
acetone, and then 24.5 ml. of tap water were added with stirring. Into 
each of duplicate test tubes 7.5 ml. of a resulting emulsion were trans- 
ferred from a beaker, then 10 mosquito larvae together with sufficient 
additional tap water were added to make a total volume of 15 ml. The 
tubes were held in an oven at-30°+1° C. for 24 hours. At the end of this 
period the percentage mortality was determined for each dilution. The 
breaking point range of this toxicity curve, that is, the range at which the 
kill fell from too per cent to less than 80 per cent, was estimated. These 
estimates were made on the assumption that none of the originally added 
insecticide had undergone destruction. When the apparent breaking point 
range for the food to which the insecticide had been added before process- 
ing was a very considerably higher figure than the breaking point range 
for the control, this indicated that some destruction of the insecticide 
had occurred in the processed food. 

Comparative tests were performed on three types of extracts, namely 
(a) benzene extracts of check foods to which graduated amounts of a stand- 
ard acetone solution of an insecticide were added after evaporating the 
benzene, (b) benzene extracts of a recently shaken mixture of check 
foods and aqueous emulsion of known amount of an insecticide, and (c) 
benzene extracts of foods to which a known amount of an insecticide 
had been added before processing. 

Since mosquito larvae are sensitive to very minute amounts of insecti- 
cide, cleaning the glassware presents a problem. The glassware was first 
rinsed with acetone, then placed in hot trisodium phosphate solution to 
soak overnight. The glassware was then successively rinsed with hot run- 
ning tap water, chromate-sulfuric acid cleaning solution, and finally 
thoroughly rinsed in hot running tap water. 
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RESULTS AND DISCUSSION 


Results of testing water solutions of pure insecticides. The results of these 
tests appear in Table II. The data show that parathion is by far the most 
active insecticide against the mosquito larvae. It caused roo per cent mor- 
tality even at the low concentration of 0.0006 p.p.m. Most of the other 
insecticides gave complete kills at 0.10 to 0.01 p.p.m. The last four mate- 
rials listed in Table II are of such low toxicity to mosquito larvae that 
they probably cannot be assayed by the use of this test organism. 


TABLE II 


Mortaity oF Mosquito (AEDES AEGYPTI) LARVAE IN AQUEOUS SUSPENSION 
OF SIXTEEN INSECTICIDES AT DIFFERENT CONCENTRATIONS 


Mortality of larvae in per cent killed at various concns, (in p.p.m.) 
Insecticide - : 

| t-0| «5 .25 | .125|.0625] .031] .016].0078) .005|.0025|.00125|.0006! .0003 
Parathion | I00 | 100 | Too | Ioo |} 100 | 100 | 100 | 100 | 100 05 100 ° 
Heptachlor 100 | 100 | 100 | 100 | 100 | 100 | 100 45 35 ° ° 
Aldrin 100 | I00 | 100 | 100 | I00 | Too | 100 | 100 65 65 ° 
Dieldrin 100 | 100 | 100 | 100 | 100 | 100 | 100 | 65 10 ins 5 
Chlordan | 100 | 100 | 100 | 100 | 100 | 100 | 100 15 
Lindane I00 | I00 | I00 | 100 | I00 | IoO 75 65 ° 
BNP* 100 | I00 | 100 | 100 95 80 90 45 20 
BNB* | 100 | 100 | I00 45 ° ° ° ° ° ° 
DDT | 100 | 100 | 100 | 100 | 65] 15 ° ro) ° fo) 
Methoxychlor | 100 | 100 | 100 | 100 | 100 35 ° ° 
Rhothane | I00 | 100 | 95 letoo e100) S80 6591 30 
Toxaphene | 100 | 100 | I00 ; 100 | 100 85 ° ° 
Neotran | ICOmME2 S20 ° ) ° fo) ° fo) fo) 
Miticide #2** | i SO! SovN oe ° ° 

| Wile Fo ° ° ° 
Arathane | 45 45 ° o| 0 


*,**,+ (See footnotes Table I). 


Results obtained with the benzene extraction method. The results are 
shown in Table III. Appropriate reference standards for this assay must 
contain the other extracted materials from the food as well as the extracted 
insecticide. In the fourth column are given the results for the standards 
used for comparisons with the results in the fifth and sixth columns. 
Standard solutions which did not differ greatly from the test solutions in 
respect to the ratio of the insecticide to the extracted food material were 
compared. The breaking point range of the standards was selected from 
such comparisons, as indicated in Table III. That these extracted materi- 
als have an effect in reducing the toxicity of at least some insecticides is 
quite evident from a comparison of the data from the standards in Table 
III with the data in Table II. This is particularly marked in the case of 
chlordan, Rhothane, and toxaphene. In some of the other standard tests 
(not shown in the tables) in which the amounts of extracted material from 
the check foods were considerably greater, the breaking point range 
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TABLE III 


Toxicity TO Mosquito LARVAE OF INSECTICIDES IN EXTRACTS OF 
PRrocEssED Foops PREPARED THROUGH BENZENE EXTRACTION 


Amount Breaking point range, p.p.m.** 
ae added 
Bec Cee ood oc vex | Added after Added before 
p.p.m. Standard processing processing 

Heptachlor Ra) B ©.016-0.004 | 0.06 —0.03 SS Oy) 

5.0 JX 0.06 —0.016 0.06 —0.03 Oo -0.5 
Aldrin 5.0 B 0.06 —0.016 0.06 —0.03 >0.06 (50% kill) 

5.0 A 0.06 —0.016 |>0.06 (50% kill) |>0.06 (70% kill) 
Dieldrin 5.0 B ©.016-0.004 | 0.03 —0.016 ©.016-0.008 

& Xe A ©.016-0.004 0.03 —0.016 0.03 —0.016 
Dieldrin a8 B ©.013-0.003 0.03 —0.006 ©.03 =0-013 

0.5 A ©.013-0.003 0.03 —0.006 ©.03 —0.013 
Chlordan 5.0 B ©.5 0.125 ©.5 =0.25 S106) 

5.0 A Ooh =O. TAS I.0 0.25 Tr Oem Ont5 
Lindane Ko) B ©.016-0.004 ©.03 —O.016 0.25 —0.06 

EO) A ©.016—-0.004 0.016—0.008 0.03 —O.01 
Lindane LO B ©.013-0.003 0.05 —0.025 ©.1 =0.05 

1.0 A ©.013-0.003 ©.05 —0.025 ©.05 —0.025 
BNPTt 5.0 B ©.03 —0.008 SON) OOK ©.125—-0.06 

358 A ©.125—-0.03 0.06 —0.03 ©.06 —0.03 
BNBtt BRO B ©.125-0.03 0.25 —O.125 ©.5 0.25 

AO A ©.125-0.03 0.06 —0.03 ©.25 —O.125 
Methoxychlor Eno B 0.25 —0.06 ©.5 =O.125 Site 

5.0 A ©.25 —0.06 ©.25 —O.125 0.5 0.25 
Rhothane 5.0 B ©.5 0.125 ©.125-0.06 >o.5 (80% kill) 

5.0 A Of eA 0.25 —0.125 On 255-05 
Toxaphene 5.0 B EK) SOGDG |Site 0 

RS A OS OL 25 alle eo 110 


* B=Beans; A=apricots and apples. 

_ ** The breaking point ranges from 100% to less than 80% kill. The indicated breaking 
point range is based on the assumption that there had been no destruction of the added 
tue Actually some destruction had occurred in some instances, as can be seen from 
the data. 

*** The standard was diluted serially by fourths while the others were diluted by 
halves, thus the wider breaking point ranges in the standard. 
_ J The highest concentrations tested did not give 100% kill, so the highest concentra- 
tion is shown, indicating that the upper limit of the breaking point was not reached. 
tt Commercial Solvents Co. 


usually came at the lower concentration of the insecticide, presumably 
due to the toxic action of the other extracted materials themselves. This 
fact necessarily implies some limitations on the present bioassay method. 
For this reason the breaking point ranges are recorded in this paper rather 
than the more exact LDs5o values. 
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The foods that had the insecticides added after processing just prior 
to assay gave breaking point ranges which were not greatly different from 
the untreated controls. 

The foods that had the insecticide added before processing showed 
definite partial destruction of the insecticide in the case of heptachlor in 
both beans and apricots and apples, and methoxychlor and chlordan in 
beans. No definite destruction was noted in the case of dieldrin in either 
beans or apricots and apples and BNP, Rhothane, aldrin, and chlordan in 
apricots and apples. 

SUMMARY 


Known amounts of spray residues of ten insecticides were bioassayed 
in processed foods (strained beans, and mixtures of apricots and apples) 
by a modified Nolan and Wilcoxon method for parathion, involving the 
extraction of the insecticide from the food product with benzene, evaporat- 
ing the benzene with compressed air, and testing the extract in water on 
Aedes aegypti mosquito larvae for toxicity. 

The insecticides assayed by this method were heptachlor, aldrin, diel- 
drin, chlordan, lindane, BNP, BNB, methoxychlor, Rhothane, and toxa- 
phene. 

The various insecticides were readily detected when added to processed 
foods at concentrations of 0.5 to 5.0 p.p.m. Benzene extracts of such 
samples were diluted to a dosage equivalent to 0.01 to 1.0 p.p.m. for criti- 
cal assaying. The critical dilution of extracts from aqueous suspensions 
was to a concentration of 0.125 to 0.01 p.p.m. 

In general, the insecticide toxicity was inhibited when combined with 
plant material. Strained beans inhibited toxicity to some insecticides more 
than a mixture of strained apricots and apples. 

Heptachlor in both beans and apricots and apples, and methoxychlor 
and chlordan in beans showed partial destruction in processing. 
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RELATION OF DIFFERENT GASES TO THE SOAKING 
INJURY OF SEEDS 


LELA V. BARTON 


Seeds of Phaseolus are injured by soaking in water (3, 45°00 de 14k 
It might be assumed that such injury was due to anaerobic conditions, 
since oxygen is required for respiration. It has been shown, however, that 
exposure of oat seeds to an excess of oxygen during soaking resulted in 
abnormal germination (1). In order to gain more information on this sub- 
ject, tests were made on the effects of passing oxygen, carbon dioxide, 
hydrogen and nitrogen through the soaking medium on the germination 
of seeds of beans, oats, and six other plants. The results confirmed the 
finding of Albaum that oxygen bubbling through the soaking water in- 
creased the injurious effects. They showed further that nitrogen or hydro- 
gen so supplied reduced the harmful effects somewhat, while carbon 
dioxide reduced them still more or prevented them entirely. 


MATERIAL AND METHODS 


Seeds used for the tests to be reported here were: Phaseolus vulgaris 
L. varieties Dwarf Horticultural, Horticultural, French Horticultural, 
Tendergreen, and Golden Cluster Wax; Phaseolus lunatus L. variety Bush 
Lima; Vicia faba L. variety English Windsor; Pisum sativum L. variety 
Perfection; Helianthus annuus L.; Xanthium canadense Mill.; Avena sativa 
L. varieties Clydesdale and Siegis-Hafers; Hordeum vulgare L.; Triticum 
aestivum L. variety Marquis; and Zea mays L., Pioneer Hi-Bred X4758A. 

The usual procedure was to soak counted lots of seeds in a measured 
amount of tap water at laboratory temperature (20° to 26° C.) in flasks 
through which gases were bubbled slowly for a period of 24 hours. At the 
termination of the soaking period the water was drained off and the seeds 
were divided into lots for germination tests on moist filter paper or paper 
towels in controlled temperature cabinets or in soil under greenhouse 
conditions. Phaseolus, Vicia, Helianthus, and Zea were germinated in 
cabinets held alternately at 20° C. for 16 hours and 30° C. 8 hours. Avena, 
Hordeum, and Triticum were germinated at a constant temperature of 20° C. 
and Xanthium at 30° or 35° C. Duplicate lots of 25 seeds each were used 
for planting except for Avena, Hordeum, and Triticum in which cases dup- 
licates of 50 were used. 

The effect of time of soaking, the moisture content of the germina- 
tion medium, and gas mixtures on subsequent germination were deter- 
mined, Also moisture absorption rates were measured during the soaking 
exposure of bean seeds to different gases. Experiments were also carried 
out to ascertain the relative effects of the gases on intact seeds and ex- 
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cised embryos. Records were taken of germination performance, the vigor 
and appearance of the resultant seedlings being noted. 

Two types of controls were used, dry seeds and seeds which had been 
soaked in non-aerated water. Also, air bubbling through the soaking 
water might be considered a third control. Air was usually forced through 
the cultures by vacuum, or more rarely by compression. In order to as- 
sure an atmosphere of the gas at the surface of the water during the 
soaking process, a closed system where the gas was bubbled through 
water after leaving the soaking solution was used in most of the tests. 


EXPERIMENTAL RESULTS AND DISCUSSION 
RESPONSE OF DIFFERENT SPECIES 


In Table I are shown germination percentages secured from seeds 
soaked in tap water in the laboratory for 24 hours. For all of the beans used, 
the harmful effect of soaking in non-aerated water is evident; ranging from 
a small reduction in subsequent germination for the Tendergreen variety 
(from 100 to 82 per cent) to complete inhibition of germination for Golden 
Cluster Wax. When air was supplied during the soaking process, slightly 
less injury resulted, but oxygen caused a great reduction in germination 


TABLE I 


EFFECT OF SOAKING VARIOUS SEEDS IN TAP WATER THROUGH WHICH DIFFERENT 
GasES WERE BUBBLED FOR A PERIOD OF 24 HOURS BEFORE PLANTING 


Percentage germination in incubators 
or greenhouse after soaking 


: ; Incubators Greenhouse 
Species Variety 
Soaked Soaked 
Dry | No Dry | 
gas | Ait | O2 | CO. gas | Air | O2 | COs 
Dwarf Horticultural 96 | 24-| 60 o | 92 92 | 90 | 84 ° | 96 
Phaseolus Tendergreen roo | 82 | 98 | 16 |100 86 | 78 | 86 © | 90 
vulgaris Golden Cluster Wax 04 Ouler2 ° | 94 06 |§225/bA8 o | 98 
PI y : 
hae Bush Lima (Koy || Bo key || aes) || ker || We | 7S || BS | O || Fo 
Pisum sativum Perfection 83 | 93 | 98 | 16 | 94 
Vicia faba English Windsor bean | 20 | 20 | 20 | 0 | 40 | 65 | 75 | 35 | © | 55 
Helianthus 
BEN iis Sunflower 98 | 90 | 88 | 74 | 78 | 98 |100 |r00 | 98 | 98 
Avena ; Clydesdale oats OS ON OO laa lneys 98 | 98 |1r00 | 58 | 88 
sativa Siegis-Hafers oats OM 3 OM AOmletA 5 Koy fv Shy [Gu fe 
Triticum : 
Fecha Marquis wheat 100 | 98 | 99 | 99 |100 98 | 96 | 99 | 89 | 99 
Zea mays Pioneer Hi-Bred corn | 100 | 98 | 96 | 80*| 88 | 100 | 96 | 96 | 72 | go 


* 48% Abnormal; 32% normal. 
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of all varieties. Carbon dioxide, on the other hand, prevented the harm- 
ful effect of the air and oxygen and even of the soaking process itself as 
manifested in the non-aerated solutions. That this is not due solely to the 
exclusion of oxygen has been demonstrated in numerous tests where nitro- 
gen or hydrogen was used instead of carbon dioxide. Some of the data 
from these tests will be shown later, but the nature of the effects may be 


FIGURE 1. Germination of Dwarf Horticultural beans in rolled mo‘st paper towels 
following soaking in the laboratory for 24 hours. A. Dry control. B, C, and D. Soaked in 


tap water through which nitrogen, oxygen, and carbon dioxide, respectively, were bubbled. 


seen in Figure 1. The seeds are in much better condition after receiving a 
supply of nitrogen during the soaking than after oxygen treatment, but 
nitrogen does not permit the capacity or vigor of germination evident in 
the dry controls or after carbon dioxide treatment. 

As far as we know, beneficial effects on seeds of carbon dioxide supplied 
during the soaking process have not been reported before. It is at variance 
with data obtained by Kisser and Possnig (11). In studies with seeds of 
Triticum, Pisum, and Vicia, they found that passing air through soaking 
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water stimulated germination; that the results were poorer with hydro- 
gen and nitrogen; and that there was some injury with carbon dioxide. 
They attributed the injury to peas with more than four hours’ soaking in 
aerated water to an accumulation of carbon dioxide. 

Other work on the physiological effects of carbon dioxide have utilized 
a moist substratum for seeds in an atmosphere with an augmented carbon 
dioxide supply. Under these conditions Kidd (8) obtained results which 
led him to believe that the resting stage of the moist seed is a type of 
narcosis induced by carbon dioxide pressure in the tissues of the embryo 
and that the inhibiting value of a given carbon dioxide pressure dimishes 
with a rise in temperature or oxygen pressure. Thornton (12, 13), on the 
contrary, was able to break the dormancy of lettuce and cocklebur seeds 
under certain conditions by increasing the pressure of carbon dioxide. It 
should be emphasized that both Kidd and Thornton used moist substrata 
and did not soak the seeds. The gas effects as described in the present 
tests depend upon the immersion of seeds in water for their manifestations. 
Bean and oat seeds, both dry and presoaked in non-aerated water for 
eight hours, were placed on moist filter paper in aeration flasks and oxygen 
or carbon dioxide was passed over them for 24 and 48 hours with no re- 
sultant evident oxygen injury to germination. There was, however, some 
indication of decreased speed and percentage of germination of bean seeds 
which had been exposed to carbon dioxide for 48 hours under these con- 
ditions. 

It will be noted from Table I that none of the oxygen-treated bean 
seeds were capable of producing seedlings in soil in the greenhouse. On the 
contrary, certain varieties, such as Dwarf Horticultural and Bush Lima 
for example, from the non-aerated control or the air treatment germi- 
nated better in soil in the greenhouse than when rolled in moist paper 
towels and placed at an alternation of 20° to 30° C. Examples of this 
behavior were found in other tests and may be related to the amount of 
moisture in the germination medium. Some data on this phase will be pre- 
sented below. There is some indication that seeds of Pisum sativum were 
benefited by soaking except when oxygen was supplied. This may have 
been due to the resistance of the seed coats to the absorption of water. 

Injury as a result of soaking in water saturated with oxygen was also 
demonstrated for oat seeds (Table I). Clydesdale oats were more resistant 
to soaking injury per se than Siegis-Hafers. This may have been due to 
the poorer quality of the latter. Also, it will be noted that carbon dioxide 
not only failed to prevent the harmful effects of soaking for this grain, but 
actually reduced germination. The same effect is to be seen for wheat and 
corn. Under the conditions of this experiment, only slight injury to wheat 
resulted from treatment with oxygen, while corn occupied an intermediate 
position between oats and wheat. 
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EFFECT OF MOISTURE CONTENT OF GERMINATION MEDIUM 


It was noted early in the experiments that too much moisture on the 
filter paper or paper towels used for germination of soaked seeds tended 
to lower the percentages obtained. To ascertain the best moisture condi- 
tion, tests were made using dry, medium wet, and wet substrates. Thirty- 
six Scot Tissue towels were moistened with 300, 550, and 900 ml. of water 
to form dry, medium, and wet substrates respectively, to receive the 
bean seeds. For oats, five sheets of 15-centimeter Eaton-Dikeman filter 
paper No. 613 were moistened with ro, 20, and 30 ml. of water. 

The results of one of these tests for Dwarf Horticultural beans and 


AMA BIEND: Al 


Errect oF MoIstURE CONTENT OF FILTER PAPER OR PAPER TOWELS ON 
THE GERMINATION (PERCENTAGES) OF DRY AND SOAKED SEEDS 
oF Dwarr HorTICULTURAL BEANS AND CLYDESDALE OATS 


/ Moisture content of substrate 
Seeds | Previous treatment 
Low Medium High 
| No gas 05 100 85 
P< ghir 100 85 93 
Soaked | O» | BW 17 5 
Beans | Ne 100 95 05 
| |  ©Orz 98 93 93 
| Dry 48 48 83 
| | No gas 85 78 12 
Air 67 80 8 
Soaked | Oz 44 18 I 
Oats | No 05 one 6 
CO, | iii apa fe) 
Dry | 96 96 | 96 


Clydesdale oats are shown in Table II. The adverse effect of the excess 
moisture was strikingly demonstrated for all soaked oats and for the 
oxygen-treated beans. Dry seeds were not affected by the water supplied 
in this experiment except that germination of beans was somewhat de- 
layed on the dry and medium wet substrates so that germination was not 
complete at the termination of the test. 

For the remainder of the experiments reported in this paper, a medium 
amount of moisture was used for germination tests. 


EFFECT OF DURATION OF TREATMENT 
Results of the oxygen and carbon dioxide treatments of one of the 
experiments to determine the relation of the duration of the soaking period 
to injury are shown in Figure 2. Injury to oxygenated beans is apparent 
after six hours of soaking, the germination being reduced to 64 as com- 
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pared with 94 per cent after the three-hour treatment. Further soaking 
for 12 hours permitted only 16 per cent germination, while 24 hours killed 
almost all of the seeds. Seeds treated with carbon dioxide, on the other 
hand, showed remarkable vigor after 12 hours but did not grow so rapidly 
after 24 hours. In non-aerated or aerated water (not shown in photograph) 


FiGurE 2. Germination of Dwarf Horticultural beans soaked in water through which 
oxygen (1 and 3) or carbon dioxide (2 and 4) was bubbled for 3 (A left), 6 (A right), 12 
(B left), or 24 (B right) hours. 


there was a gradual decrease in germination capacity with increased dur- 
ation of soaking to 34 and 46 per cent respectively. Germination of the 
dry control was 98 per cent. 

Other effects of soaking time are given in Table III, second part, for 
French Horticultural beans and Clydesdale oats. Dry seeds and seeds 
which had been presoaked for eight hours in non-aerated water were placed 
in water through which oxygen or carbon dioxide was bubbled for periods 
up to 16 hours. It will be seen that the injury is increased by the pre- 
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soaking though the latter was not deleterious in itself, when not followed 
by additional soaking. When the total time was extended to 24 hours, 
however (eight hours presoaking +16 hours of gas exposure), carbon diox- 
ide failed to prevent completely the deterioration process, which pre- 
sumably was initiated during the presoaking period. This indicates that 


the gas effects cannot be entirely separated from the effect of the water. 


TABLE III 


EFFECT OF PRESOAKING AND DURATION OF GAS EXPOSURE ON SUBSEQUENT 
GERMINATION OF FRENCH HorTICULTURAL BEANS AND CLYDESDALE OATS 


Total period of combined treatment 8 hours or less 


Hours presoaking of beans Hours presoaking of oats 
Hours 
gas Oz COs Oz CO, 
exposure 
° | 2 | 4 ° | 2 | 4 ° | 2 | 4 ° | 2 | 4 
° 98 Qo4 50 98 100 I0o 98 97 96 07 98 96 
2 98. | 50] 18) 98 | 100 OS.) 07" | 93.4 9081498") 95, 99 
4 98 | 38°} 10*| 98 96 D4 1-08 | 98") 07-1 96 =" 93° | "07 
Total period of combined treatment 8 to 24 hours 
Germination of beans (%) Germination of oats (%) 
Hours 
gas Dry Presoaked 8 hrs. Dry Presoaked 8 hrs. 
exposure ; 
Oz COz O2 CO, Oz CO, O» CO: 
° 100 = go 94 97 = 92 89 
0.5 96 98 84 96 93 83 99 gl 
I 100 94 84 96 92 89 94 go 
2 go 86 52 100 go g2 99° go 
4 80 94 16 96 99 go 84 go 
8 be) 04 ° 04 70 86 62 83 
16 16 100 ° 64 79 85 40 84 


* Seedlings in poor condition at termination of test. 


This was shown further in experiments in which gas exposures of 0, 0.5, 
1, 2, 4, 8, and 16 hours were followed by periods of soaking to make a 
total of 24 hours in water in each case, and in which presoaking times of 
0, 0.5, I, 2, 4, 8, and 16 hours were followed by corresponding periods of 
gas exposures to make 24-hour totals. No direct relation seems to exist 
between the number of hours of exposure to a gas and the resultant effect 
on germination. 

Some of these effects where the total time in water did not exceed 
eight hours are shown in the first part of Table IJI. Here it will be seen 
that beans are not injured by oxygen treatment up to four hours, the 
same germination resulting from four hours of presoaking as from four 
hours of gas exposure or two hours of presoaking followed by two hours 
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of gas exposure. When the total time was extended to six hours injury be- 
came apparent. This injury was somewhat greater for four hours of pre- 
soaking and two hours of oxygenation than for the reverse. It appears 
that the seed must take up a certain amount of water and probably speed 
up the metabolic processes before it is susceptible to injury by oxygen. 
This might account for increased deleterious effect with increased pre- 
soaking time. Such differences are not obvious for the carbon dioxide 
treatment shown in the first part of Table III. However, when the con- 
dition of the seedlings, especially with respect to size, was considered, it 
was noted that in the cases of the zero and two hours of presoaking, the 
seedlings were more vigorous after two or four hours of the gas treatment 
than after shorter times in water without the gas. After four hours’ pre- 
soaking, however, an additional two or four hours of carbon dioxide failed 
to. remove all of the injurious effects of the extended soaking time (six to 
eight hours total). 


EAB IEE IN) 


GERMINATION OF FRENCH HorTICULTURAL BEAN AND CLYDESDALE OAT SEEDS 
AFTER SOAKING FOR EIGHT Hours IN WATER THROUGH WHICH 
Various Gas MIxTURES WERE PASSED 


Cae Germination (%) after treatment with various mixtures 
Seeds ae 
eC, 100-+0 7525 50+50 Ds otis o+100 
On COs 16 | 52 66 96. : 96 
Beans Oo+N>2 12 10 32 52 56 
N2+CO: _ 82 76 78 100 98 
Oo+€Os Q2 04 Q2 mS 96 
Oats |. Oo+Ne 82 96 07 97 95 
N2+CO2 97 nies 97 gt gt 


EFFECT OF GAS MIXTURES 


For these tests mixtures of gases were made in large bottles over water. 
A slow stream of water then forced the mixtures to bubble slowly through 
the water containing the seeds. A total of 48 liters of gas was used for four 
aeration flasks each containing 200 ml. tap water and 55 French Horticul- 
tural bean seeds or r1ro Clydesdale oat seeds during an eight-hour period. 
At the end of this period, the seeds were placed to germinate at controlled 
temperatures as described above. 

The effects of mixtures of oxygen and carbon dioxide, oxygen and 
nitrogen, and nitrogen and carbon dioxide are shown in Table IV. 

Considering first the mixtures of oxygen and carbon dioxide, it will be 
seen that there is a progressive decrease in the injury to bean seeds as the 
percentage of oxygen in the mixtures decreases from 100 to 25. When the 
mixture contained as much as 75 per cent carbon dioxide, the subsequent 
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germination was not impaired by the presence of 25 per cent oxygen. That 
the carbon dioxide has an effect beyond that of merely excluding the 
oxygen from the soaking water is shown by the results of the germination 
after soaking with supplies of oxygen-nitrogen mixtures. With 50 per cent 
of the mixture nitrogen, however, there was some improvement of germi- 
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FIGURE 3. Effect on germination of gas mixtures bubbled through water in which French 
Horticultural beans were soaked for 8 hours. A. Oxygen-+carbon dioxide; B. oxygen-tnitro- 
gen; C. nitrogen+carbon dioxide. Percentages of gases in mixtures, left to right in each 
PLOUDS [hei 25a) DOr SOs 125 Ie oe 


nation over that permitted by pretreatment with 75 per cent oxygen and 
25 per cent nitrogen or with a full atmosphere of oxygen. Again, as in the 
case of the oxygen-carbon dioxide mixtures the presence of 75 per cent 
nitrogen was sufficient to counteract the harmful effect of 25 per cent 
oxygen. One hundred per cent nitrogen supplied during the soaking 


process permitted only 56 per cent subsequent germination. 
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Inthe nitrogen-+carbon dioxide series, it is again demonstrated that 
carbon dioxide has a positive stimulating effect or can prevent the dele- 
terious: effect of soaking in some way. Seeds treated with as high as 75 
per cent carbon dioxide along with 25-per cent nitrogen were not injured 
at all, giving roo per cent-germination as compared with 52 per cent for 
nitrogen alone and 76 and 78 per cent for the higher proportions of 75 
and 50 per cent nitrogen in the mixtures. | 

These effects are pictured in Figure 3. Here it can be seen that there 
were striking differences in the size and quality of seedlings produced under 
the various conditions. Thus the differences in effect are really more 
marked than they appear from germination percentages such as shown 
in Table IV. Within five hours after gas treatments had started it was 
possible to tell from the appearance of the bean seeds which ones were 
being injured. Moisture absorption in the higher oxygen mixtures was 
much more rapid and the color of the seeds had changed from a buff to a 
dark reddish brown, characteristic of oxygen injury. With increasing 
amounts of carbon dioxide in the mixtures the beans became less dis- 
colored and took up less water, the tendency of these seeds being to float. 
When 100 per cent carbon dioxide was used most of the seeds were still 
floating at the end of the eight-hour period. There may be a direct relation 
between this characteristic response and the lack of soaking injury in the 
presence of carbon dioxide. The difference in moisture absorption rates 
will be given in another section of this paper. Nitrogen effects on color of 
the seeds were intermediate between those of oxygen and carbon dioxide. 

Once again the greater resistance of oats to soaking injury is demon- 
strated in Table IV. Other tests showed that presoaking for eight hours 
before exposing seeds of either beans or oats to the oxygen-carbon dioxide 
mixtures intensified the injury. 

Albaum (1) also found that dilution of oxygen with nitrogen reduced 
the injury to oat seedlings. His work included the soaking of oat seeds for 
20 hours in water through which oxygen-nitrogen mixtures containing 0, 
2.5, 5, 10, 20, 50, and 100 per cent oxygen were bubbled. After exposure to 
roo per cent oxygen the germinating seeds failed to develop normal coleop- 
tiles, their length being inhibited to the extent of 85 per cent. Other gases 
or mixtures were not used by Albaum. 


EXCISED EMBRYOS VS. INTACT SEEDS 


Excised embryos as well as intact seeds of corn were exposed to air 
and- to oxygen in the manner described above for a period of 24 hours, 
after which they were planted in soil in the greenhouse. The results may 
be seen in Figure 4. The naked embryos were injured. by both air and 
oxygen (Fig. 4, A and B), but the greater injury was by oxygen. Seedlings 
from intact seeds were normal after both air and oxygen treatment, but 
germination was reduced by the latter (Fig. 4 C and D). 
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FiGurE 4. Effect of oxygen on the germination of corn embryos and intact seeds soaked 
in water through which air or oxygen was bubbled for 24 hours. Excised embryos: A. air, 
B. oxygen. Intact seeds: C. air, D. oxygen. 


Excised embryos of the sunflower (Helianthus) were also injured by 
oxygen. The peculiar constrictions in the hypocotyls of the oxygen-injured 
embryos shown in Figure 5 are typical. In this case a third set of em- 
bryos was soaked in water through which oxygen and carbon dioxide were 
bubbled simultaneously for 24 hours. Comparison of these effects with 
those of oxygen alone, and air may be seen in Figure 5 A, B, and C. It will 
be noted that the presence of carbon dioxide seemed to reduce the harmful 


a AINYIYTYVYEY 


OND VY 


FicureE s. Growth on moist filter paper of excised embryos of sunflower soaked previ- 
ously in water through which air (A), oxygen (B), or both oxygen and carbon dioxide (C) 


was bubbled for 24 hours. 
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effect of the oxygen. We have also had an indication that carbon dioxide in 
the soaking solution reduces the injury of oxygen to bean seeds. 

So far we have seen that both excised embryos and intact seeds are 
sensitive to oxygen. Seeds of cocklebur (Xanthium) exhibit a different re- 
sponse. In the bur of this species there are two seeds, the upper borne near 
the apical end of the bur and the lower lying near the base of the bur, 
which are very different from each other in their physiological behavior. 


_ 


FiGurE 6. Lower seeds of Xanthium. Excised embryos and intact seeds soaked in water 
through which air or oxygen was bubbled for 24 hours, after which they were placed on 
is ay ¢ Se OY eats E: 2 . . 
moist filter paper at 30° C. for two days. Excised embryos: A. air; B. oxygen. Intact seeds: 
C. air, D. oxygen. 
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Typically, the lower seed germinates readily, while the upper one displays 
a type of dormancy which may be broken by exposure to extra oxygen 
pressures supplied in the atmosphere above the seeds which are on a moist 
substratum (Thornton 12). Because of this characteristic, these seeds were 
included in the oxygen studies here reported. There was no apparent in- 
jury to the excised embryos of either the upper or the lower seeds when 
the exposure to air or oxygen dissolved in water was not longer than 24 
hours. However, when the time of exposure was 48 hours, embryos exposed 
to oxygen showed evidence of greater: injury than those exposed to air. 
These embryos were kept on moist filter paper at 30° C. for three or four 
days after treatment. During this period they elongated very rapidly so 
that some of them were as much as 15 cm. long. Browning of some of the 
root tips was seen in all cultures and may have been associated with the 
length of time the seedling was on moist filter paper, and yet many seedlings 
which had been exposed to air remained firm and vigorous for as long as 6 
days after treatment. 

At the same time that excised embryos were treated, intact upper and 
lower seeds of the cocklebur were also soaked in water through which air 
or oxygen was bubbled. In Figure 6 it will be seen that, while the excised 
embryos of the lower seeds were apparently not injured at all- by 24 hours 
of exposure to air or oxygen (A and B), the embryos were injured inside 
the intact seed coat, as shown by the delayed germination followed almost 
immediately by the rotting of the roots (Fig. 6 C and D). This was not 
so evident for embryos of the upper intact seeds for few germinations were 
secured from them. The explanation for this behavior is not apparent at 
this time. Since excised embryos of corn and sunflower have been shown to 
be very sensitive to oxygen injury, obviously we cannot conclude that 
all seed coats increase the harmful effect of oxygen. Cocklebur may prove 
to be unique in this regard. Also preliminary tests have shown that the 
incubation temperature after treatment may affect the extent of the in- 
jury. At the more favorable germination temperature of 35° C., for ex- 
ample, seedlings from intact cocklebur seeds soaked in water supplied 
with oxygen were comparable in growth to those supplied with air. 


CAUSES OF HARMFUL EFFECTS OF SOAKING 


Among the explanations advanced for the deleterious effects of soaking 
bean seeds are those of Kidd and West (ro) who stated that there were 
three plausible hypotheses: 1. disorganized metabolism resulting from de- 
ficiency in oxygen supply and accumulation of carbon dioxide; 2. leaching 
out of essential soluble food reserves; and 3. a combination of 1 and 2. 
They did not think it was lack of oxygen and they were unable to correlate 
leaching effects with temperature effects, since exosmosis was greatly 
increased at 30° C., over that at 20° to 25° C., and yet the injury was less 
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at the higher temperature. All of the harmful effect of soaking has been 
attributed to bacterial action by Tilford et al. (14) and Barton (4). Eyster 
(7), while recognizing the reduction in germination of beans soaked in con- 
taminated water, maintained that an insufficient oxygen supply and a 
loss of essential cell constituents were also responsible. 

The experimental results described in the present paper show clearly 
that any disorganization of the metabolism of the seed is not due either 
to a deficiency in oxygen supply or to an accumulation of carbon dioxide, 
but rather the reverse might apply. Data are also at hand indicating that 
bacterial action is not the sole cause of deterioration. That materials 
do leach out of the seeds during the soaking process is evident. Further- 
more the carbon dioxide treatment decreased the exosmosis and oxygen in- 
creased it as measured by the color of the solutions at the end of the 24- 
hour soaking period. 

Also, experiments have shown that leached substances are capable of 
inhibiting the growth of wheat roots in solution. Increasing concentrations 
of the soaking solutions caused greater reductions in growth. There was 
some evidence that more inhibiting substances leached out of the seeds 
in the presence of air and oxygen than in the presence of nitrogen, carbon 
dioxide, or in non-aerated water. However, since water extracts of the dry 
or soaked seeds inhibit the growth of wheat roots (5), it may be the quan- 
tity rather than the nature of the leached materials that is important. Thus 
we may be measuring a leaching of vital chemicals from the seeds which 
process may contribute to the harmful effect of soaking and which may be 
accelerated by the presence of certain gases. In this connection it may be 
said that replacement of water by a complete nutrient solution failed to 
prevent soaking injury. 

Since carbon dioxide has an acidifying effect on the solution through 
which it is passed, this phase of the subject was investigated. Measure- 
ments of the pH of the water in which the seeds had soaked for 24 hours, as 
well as adjustments of the hydrogen ion concentration by adding 0.2 M 
dibasic sodium phosphate and o.1 M citric acid to distilled water to give a 
pH range of 8.2 to 3.1 failed to show any direct relationship between 
acidity and soaking injury. 

It was thought that the rate of moisture absorption of beans soaking in 
the presence of different gases might be related to germination injury. An 
experiment was planned in which duplicate lots of French Horticultural 
beans were weighed after 1, 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, and 24 
hours in non-aerated water and in water supplied with air, oxygen, nitro- 
gen or carbon dioxide. The air-dry weights of 130 lots of 50 seeds each were 
recorded before placing them in water. A uniform procedure was followed 
for removing all surface moisture from the seeds before the sample was 
placed in a weighing bottle. Since there was close agreement between dup- 
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licate samples from the same soaking period, the results are given as aver- 
ages of the duplicates (Table V). 

There was a striking reduction in the rate of moisture absorption under 
treatment with carbon dioxide as compared with all other conditions after 
the two-hour period. Also there was a tendency for greater absorption 
with oxygen supplied than with air or nitrogen or in the non-aerated lots, 
in spite of the apparently greater loss of materials by leaching. Air in- 
duced greater absorption than nitrogen. Of course it is not definitely 
proved that the extra water absorption is in itself detrimental. However it 
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MotsturE ABSORBED BY FRENCH HorTICULTURAL BEANS WHEN SOAKED 
IN WATER SUPPLIED WITH DIFFERENT GASES 


Per cent moisture absorbed when supplied with 

Hrs. of 

Soars No gas Air Oxygen Nitrogen cane 
I 10.5 fesse Ths BA ToS iE yh 
2 28.1 41.8 36.9 31.0 TOS 
4 FTO | 78.6 77.0 78.6 Renate) 
6 86.3 | 99-9 105.5 94-9 43-4 
8 99.3 100.5 118.8 103.5 45.1 
se) 106.5 II2.9 120.6 105.6 62.1 
12 108.3 TES 7 120.7 LNG) 68.1 
14 109.2 117.6 Ut 6) Ors 74.3 
16 IIr.6 118.8 123.6 Tai. § 81.9 
18 111.8 119.8 125.8 III.4 83.3 
20 12-0 TOTO 124.5 TeTOny] Oat 
22 bo a ee) 120.9 125.9 113.6 On: 
24 I12.9 120.9 T2023 Tr4.5 96.1 


is noteworthy that dry bean seeds of the same lot when rolled in moist 
paper towels for normal germination have absorbed only 83.2 per cent 
moisture when germination begins after 28 hours. The moisture percent- 
ages given here were calculated on the basis of the air-dry weights of the 
seeds. On the same basis these air-dry seeds contained 6.8 per cent moisture 
as determined by drying in a vacuum oven at 71° C. 

The presence of carbon dioxide in the water causes bean seeds to float. 
From this behavior and the appearance of the seeds, it seems that this gas 
penetrates the seed coats much more readily than does air, nitrogen, or 
oxygen and thus forms a gas layer between the seed coats and the embryo. 
This layer not only causes the seeds to float, but may reduce the rate of 
water absorption by placing a barrier between the source of supply and the 
embryo. Solutions of surface-active agents did not prevent the floating of 
bean seeds in the presence of carbon dioxide. In line with these results, a 
lessening of the deleterious effect of soaking seeds of Pisum sativum 
and Tendergreen variety of beans as compared with Golden Cluster Wax 
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beans (Table I) is thought to be due to the greater resistance to moisture 
absorption of the seed coats of the two former. 

It is of interest to note that water absorption by roots of wheat, corn, 
and rice plants growing in water cultures is reduced 14 to 50 per cent by 
bubbling carbon dioxide through the solutions (6). This effect is described 
as toxic since the growth of the plants was adversely affected by reduced 
absorption. 

From careful enzyme assaysand studies of nitrogen content of different 
organs, Albaum, Donnelly, and Korkes (2) concluded that the failure of 
oat grains to develop normal coleoptiles after exposure of the seeds to 
oxygen may be due to the failure of the protein in the endosperm to break 
down, thus preventing nitrogen transport and the development of the en- 
zyme systems. Also there was indication that amino-nitrogen failed to 
move from the endosperm to the embryo. 


SUMMARY 


It has been shown that soaking injury to seeds of Phaseolous vulgarts, 
P. lunatus, Pisum sativum, Vicia faba, Helianthus annuus, Avena sativa, 
Hordeum vulgare, Triticum aestivum, and Zea mays is enhanced by passing 
oxygen through the water in which the seeds are soaked. Passing air, 
nitrogen, or hydrogen in like manner reduced the harmful effect but did 
not permit normal germination. Carbon dioxide treatment prevented the 
deleterious effects resulting from soaking several different varieties of 
beans, but caused decreased germination of some grains. 

An excess of water in the germination medium reduced the germination 
of beans and oats after soaking treatments. 

Injury to oxygenated beans was apparent after six hours of soaking 
and became more pronounced after 12 or 24 hours. Presoaking in water 
through which no gases were passed increased the oxygen injury. The effect 
of the gases used could not be entirely separated from the effect of the water 
itself in the soaking process. 

In water supplied with mixtures of different proportions of oxygen and 
carbon dioxide, bean seeds showed progressive injury with increased 
amounts of oxygen. When the mixture contained as much as 75 per cent 
carbon dioxide, the subsequent germination was not impaired by the pres- 
ence of 25 per cent oxygen. The use of oxygen-nitrogen and nitrogen-carbon 
dioxide mixtures demonstrated that the favorable effect of the carbon 
dioxide was not due solely to the exclusion of oxygen. 

Both excised embryos and intact seeds of corn and sunflower were ad- 
versely affected by oxygen supplied during soaking, but the embryos were 
more sensitive. Excised embryos of Xanthiwm, on the other hand, were not 
easily injured by oxygen but were more sensitive while still enclosed in the 
seed. This latter effect was not noted in any other species. 
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A pronounced reduction in the water absorption rate of bean seeds 
soaked in the presence of carbon dioxide indicated a direct relationship be- 
tween this behavior and injury from soaking. Also there was.a tendency 
for absorption far beyond the point needed for germination when oxygen 
was supplied during the soaking process. Air induced greater absorption 
than nitrogen. It appears from the data, however, that there are certain 
gas effects which are independent of the effects of moisture absorption. 
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TOLERANCE OF SULFATE-REDUCING BACTERIA TO 
HYDROGEN SULFIDE 


LAWRENCE P,. MILLER 


When bacteria are grown under conditions in which nutrients are not 
replenished and the products of bacterial metabolism are not removed the 
growth attainable in a given culture is naturally limited. When the essential 
nutrients are in excess, development will cease either because of an accumu- 
lation of the main product of the bacterial action or because of the pres- 
ence of deleterious quantities of the products of side reactions. With sul- 
fate-reducing bacteria, Desulfovibrio desulfuricans (Beij.) K. and v. N., 
which produce high concentrations of hydrogen sulfide, it is logical to 
suspect hydrogen sulfide as the limiting factor since this is known to be 
highly toxic to most forms of life. 

In previous experiments concerned with a possible relation of sulfate- 
reducing bacteria to the commercial sulfur deposits, it was found that 
through suitable changes in the media and cultural conditions these bac- 
teria could produce much higher concentrations of hydrogen sulfide than 
had previously been thought possible (3). Both non-marine and marine 
forms produced up to 2500 mg. per liter of the sulfide in contrast to the 
previously reported maxima of 794 and 1448 mg. per liter for these forms 
(1). The question remains whether this maximum of 2500 mg. per liter is 
determined by the sensitivity of the bacteria to hydrogen sulfide or by 
some other factor or factors. It also is of interest to determine whether in- 
dividual cultures, which produce much less than the maximum possible as a 
result of inoculation from weak cultures or some other unfavorable condi- 
tions, fail to do so because of an increased sensitivity of the bacteria to hy- 
drogen sulfide. Experiments bearing on these points are reported in the 
present paper. Data are also presented on the effect of age of the culture 
used as inoculum on the rate of growth of the subsequent culture and on 
the survival time of cultures containing high concentrations of hydrogen 
sulfide when maintained at 30° C. or 0.5° C. While these results show that 
removal by one means or another of the hydrogen sulfide formed in a cul- 
ture permits a larger total amount of sulfide to be formed, nevertheless they 
also demonstrate the rather remarkable tolerance to hydrogen sulfide ex- 
hibited by this organism. 

MATERIALS AND METHODS 


The source of the bacteria was the same as described in a previous paper 
(3). Since no differences between strains were established in the tests re- 
ported, specific strains are not referred to. 
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The procedures followed for culturing the bacteria and for determining 
the quantity of hydrogen sulfide formed were also the same as reported in 
the previous paper with the exception that culture media were not freshly 
heated and cooled each day. For the most part the experiments were car- 
ried out with a medium previously designated as No. 220. This contains the 
following ingredients in grams per liter: NH,Cl, 1.00; MgSO,-7H20, 2.00; 
Na2SOu, 18.25; KeHPQ,, 0.50; CaCl: 2H20, 0.10; sodium lactate, 21.0; 
NaCl, 10.0; CaCOs, 1.0; Fe(NH,)2(SOu)2:6H20, trace. In experiments in 
which relatively large amounts of ferrous sulfate were added to the medium 
a special medium was used which is described in the appropriate section 
below. In-some of the tests in which cadmium carbonate was added to 
remove hydrogen sulfide as it was formed enriched media were used. These 
were based on No. 220 but contained more sodium sulfate and sodium 
lactate and thus furnished enough necessary nutrients to permit the for- 
mation of larger quantities of hydrogen sulfide. 

RESULTS 
LACK OF SENSITIVITY OF CULTURES TO ADDITIONAL HYDROGEN SULFIDE 

In order to determine whether cultures producing relatively low con- 
centrations of hydrogen sulfide are sensitive to the sulfide, a number of tests 
were carried out in which rather large amounts of extra hydrogen sulfide 
were added and the effect upon growth following transfer studied. The 
material used for these experiments consisted of a number of crude cultures, 
both marine and non-marine in origin, which had been held at 30° C. for 
20 to 27 days and which had consequently reached their maxima as to 
hydrogen sulfide production. Two 1-ml. aliquots were withdrawn as 
inocula for two new cultures, another portion was used for the quantita- 
tive determination of the hydrogen sulfide content, and a third portion 
was exposed to hydrogen sulfide gas from a Kipp generator in a closed 
system. After varying times of exposure the hydrogen sulfide was again 
determined, the content now being the sum of the hydrogen sulfide origi- 
nally formed by bacterial action and that obtained from the Kipp genera- 
tor. Two more new cultures were started with inoculum after the exposure 
to the additional hydrogen sulfide. In Table I are listed the original hydro- 
gen sulfide contents of the various cultures, length of exposure to additional 
hydrogen sulfide and the concentration of hydrogen sulfide at the end of 
the exposure period, and the hydrogen sulfide content reached in new cul- 
tures from inocula obtanied before and after the further addition of hydro- 
gen sulfide. It is clear that exposure to concentrations up to 2700 mg. per 
liter for time periods from one-half to 22 hours had no deleterious effect 
on growth following subsequent transfer as determined by the concentra- 
tion of hydrogen sulfide reached in the new cultures. While these tests offer 
no direct evidence as to whether development ceased primarily because of 
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TOLERANCE OF CULTURES OF SULFATE-REDUCING BACTERIA YIELDING Low CONCENTRA- 
TIONS OF HYDROGEN SULFIDE TO RELATIVELY LARGE AMOUNTS OF 
ADDITIONAL HYDROGEN SULFIDE 


Content Time of H.S formed upon transfer, mg./I. 
HS a after exposure to fe es 
nae addition of additional From culture with Without 
culture more H.S HLS, hrs. additional H»S added H,S 
1223 2740 Oe S 1168, 1447 WAAL. Wee 
400 2016 0.5 TABS, WARD TO 4a 5/5 
1033 2146 Ons 1357, 1286 1312 
1319 2090 LO) 1209, 1281 1453, 1236 
1345 2357 18.0 1247, 1349 1222, 1341 
395 1646 4-5 399, 404 388, 445 
1503 2383 ites i LOD 74. o WIR, ASG 
450 2067 22.0 855, 442 332, 330 
368 2114 Ph (0) Divi, MOG 1068, I104 


the hydrogen sulfide content reached by the cultures, they do show that 
much higher concentrations could be tolerated by the bacteria of these 
cultures at least for periods up to 22 hours. 


EFFECT OF REMOVAL BY ZINC ACETATE IN THUNBERG TUBES OF SOME 
OF THE HYDROGEN SULFIDE FORMED 


The experiments described in the previous section show that the bac- 
teria in cultures yielding relatively low concentrations of hydrogen sulfide 
are not sensitive to considerably larger amounts of hydrogen sulfide. It is 
of interest to determine whether removal of the hydrogen sulfide formed 
will result in further development and formation of additional amounts of 
the sulfide. Thunberg tubes were arranged with a solution of zinc acetate 
in the upper arm to absorb the hydrogen sulfide given off from the culture 
medium in the main body of the tube. Experiments with cultures free of 
contaminating organisms in such tubes showed that removal of even a part 
of the hydrogen sulfide resulted in an increased total production. Similar 
results were obtained whether the cultures were maintained in the tubes 
in an atmosphere of nitrogen or under vacuum. 

In one test part of a culture in which 1503 mg. per liter of hydrogen 
sulfide had developed was transferred to a Thunberg tube containing zinc 
acetate in the upper arm. After 88 more hours the total quantity of hydro- 
gen sulfide present in the Thunberg tube was 1942 mg. per liter while that 
in an undisturbed replicate culture was 1636. In another experiment a cul- 
ture containing 1323 mg. per liter reached a total of 2206 mg. per liter ina 
Thunberg tube while a replicate culture in which the hydrogen sulfide was 
not removed produced only 1503 mg. per liter. In two more such tests con- 
centrations equivalent to 1692 and 1923 mg. per liter were formed in the 
Thunberg tubes while the regular cultures produced only 1293 and 1780 mg. 
per liter. These experiments thus indicate that the presence of hydrogen 
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sulfide in the cultures is a deterrent to the further production of hydrogen 
sulfide. 


REMOVAL OF THE HYDROGEN SULFIDE BY CONSTITUENTS 
OF THE NUTRIENT MEDIUM 


It would seem that an ideal way to study the effect of hydrogen sulfide 
on the rate of production and on the total amount formed would be to 
arrange experimental conditions so that the hydrogen sulfide is removed as 
it is being formed. Two general methods suggest themselves, one involving 
passing an inert gas through the culture medium to remove the hydrogen 
sulfide, and the other the use of a constituent in the nutrient medium which 
would precipitate the sulfide produced. The first method presents some 
difficulties in regard to maintaining pure cultures and also in introducing 
mechanical agitation of the cultures. For the use of the second method it 
is necessary to have a substance which is in itself not harmful to the devel- 
opment of the bacteria and which on reaction with hydrogen sulfide does 
not produce a product inimical to their growth. Experiments have shown 
that the bacteria will develop readily in media containing ferrous sulfate 
or cadmium carbonate, which precipitates the sulfide produced as ferrous 
and cadmium sulfides, respectively. In the presence of either of these 
materials the total amount of sulfide produced was usually greater than 
in their absence, thus indicating that under the usual cultural conditions 
the concentration of hydrogen sulfide produced retards further develop- 
ment unless one would assume that the ferrous and cadmium salts remove 
other deleterious substances as well as hydrogen sulfide. Rates of develop- 
ment were not increased in the presence of either ferrous sulfate or cad- 
mium carbonate but rather somewhat retarded. 

Use of ferrous sulfate. Ferrous sulfate might seem to be an excellent 
substance to use for the removal of sulfide as formed since the sulfate in 
turn would be reduced by bacterial action. The formation of ferrous sulfide 
in nature as a result of the activities of the sulfate reducers is commonly 
observed as manifested by the black muds often found where this organism 
is active. The use of ferrous sulfate entailed some difficulties, however, 
since the ferrous salt is quite easily oxidized in air to the ferric salt and 
furthermore its addition to the medium decreased the pH to a value too 
low for the development of the bacteria. The presence of ferric ions is un- 
desirable since they are reduced by hydrogen sulfide with oxidation of the 
sulfide to elemental sulfur. Nevertheless some successful experiments were 
carried out in which a large quantity of ferrous sulfate was added to the 
nutrient medium. The pH was corrected by using relatively large amounts 
of calcium carbonate. Under such conditions growth occurred readily. For 
the determination of the sulfide produced it was necessary to add an acid, 
such as acetic or preferably hydrochloric, drive off the hydrogen sulfide 
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released by passing a stream of N through the culture, absorb the hydrogen 
sulfide in a solution of zinc acetate, and titrate with iodine after forming 
hydrogen sulfide from the zinc sulfide with the use of hydrochloric acid. At- 
tempts to determine the sulfide by titrating the cultures directly in a 500 
ml. bottle after adding acid often led to high results—possibly as a result of 
the addition of iodine before all of the excess calcium carbonate had been 
dissolved. 

A medium containing the following ingredients, expressed in grams 
per liter, supported the growth of the bacteria with the formation of 
larger quantities of total sulfide than had been obtained previously: 
FeSO,-7H20, 60; NHiCl, 1.0; MgSO.-7H2O, 2.00; KzHPOu, 0.50; NaCl, 
10.0; sodium lactate, 56.0; peptone, 10.0; CaCO;, 75. The same medium 
without peptone was also used. In one test the sulfide produced in this 
medium without peptone was equivalent to 2697 mg. per liter of hydrogen 
sulfide while the maximum produced in four replicate cultures in medium 
220 was 1753 mg. per liter. Similarly, when peptone was present the 
equivalent of 2359 and 2087 mg. of hydrogen sulfide per liter was formed 
while the control in 220 produced only 1668 mg. per liter. In another test 
1556 and 1710 mg. per liter were produced as compared to 1413 mg. per 
liter. Cultures in these media in which all the sulfide wh ch has been formed 
is present as ferrous sulfide, as indicated by the lack of odor of hydrogen 
sulfide, are still viable although they are about one and one-half years old. 

In the interval since these cultures were started it had been found that 
cadmium carbonate is suitable for the removal of the sulfide as formed. 
The question of oxidation in air and too high acidity does not arise and the 
cultures can be titrated in bottles directly after the addition of acetic acid 
or preferably hydrochloric acid. It is necessary to allow sufficient time for 
the solution of the cadmium sulfide, especially with older cultures. Results 
are presented below. 

Use of cadmium carbonate. Since solutions of cadmium salts are often 
used for the absorption of hydrogen sulfide and its subsequent determina- 
tion after dissolving the cadmium sulfide in acid, the possibility of using 
cadmium as a means of removing hydrogen sulfide as it was being formed 
suggested itself. Naturally the bacteria would not be expected to develop 
in the presence of an appreciable concentration of cadmium ions. It is 
necessary, therefore, to use a salt of limited solubility which does not con- 
tain a deleterious anion which would be released on reaction with hydrogen 
sulfide. Cadmium carbonate seemed to fulfill this requirement and tests 
showed that the bacteria developed readily in its presence. The relative 
solubilities of the carbonate and sulfide are such that the former reacts 
with the hydrogen sulfide as it is being produced. Cultures containing much 
sulfide were free of the odor of hydrogen sulfide. Extensive rate studies 
were not carried out but it is clear from observations of the cultures, as 
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compared to cultures in media without cadmium carbonate, that the 
presence of the latter lengthened the lag period somewhat. However, 
vigorous development occurred and the total amounts of sulfide formed 
were larger than the quantity of hydrogen sulfide produced in the control 
cultures. The medium used was the regular 220 medium or a modification 
of it containing additional sulfate and lactate to furnish sufficient nutrients 
to permit larger quantities of sulfide to be produced. Two grams of cad- 
mium carbonate were added to each culture vessel. This quantity, if all 


TABLE II 


MAXIMUM QUANTITIES OF SULFIDE, EXPRESSED AS MILLIGRAMS OF HYDROGEN SULFIDE 
PER LITER, PRODUCED BY SULFATE-REDUCING BACTERIA WHEN CADMIUM 
CARBONATE Was ADDED TO THE MEDIUM 


With CdCO; Control With CdCO; Control 
2808 2401 2604 1978 
2666 1998 2668 2086 
2896 2034 2153 TOQIS 
2880 2171 3339 2208 
2778 1908 2923 2085 
2759 1751 3239 2334 


converted to the sulfide, is equivalent to about 6,000 mg. per liter of hydro- 
gen sulfide. Results are given in Table II. In every case considerably 
larger amounts of total sulfide were formed when cadmium carbonate 
was present in the medium. 


SURVIVAL OF BACTERIA IN CULTURES CONTAINING RELATIVELY HIGH 
CONCENTRATIONS OF HYDROGEN SULFIDE 


Previous workers have found that sulfate reducers can be kept alive 
in artificial media for long periods of time. Survival for a year or longer 
has been reported (2). Since in the present experiments considerably 
higher concentrations of hydrogen sulfide than had previously been 
obtained were involved, it seemed of interest to study the effect of these 
higher concentrations on survival. For a consideration of the effects of long 
exposure to high concentrations of hydrogen sulfide, two types of data are 
available. For cultures less than 50 days old rate of growth, as measured 
by hydrogen sulfide formation, was determined and thus an indication of 
vigor is also given by the data. Survival for longer periods when kept at 
either 30° or 0.5° C. was determined on the basis of whether or not devel- 
opment took place upon transfer. 

Effect of age of culture on rate of growth on transfer. In connection with 
previous experiments designed to determine the maximum concentrations 
of hydrogen sulfide that the bacteria could produce, it was found that more 
vigorous cultures forming higher concentrations of hydrogen sulfide more 
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rapidly resulted when intervals between transfers were relatively short, 
that is, a week or less. Much information was obtained on the effect of the 
age of the culture from which the inoculum was taken on the rate of growth 
of a new culture, as measured by the rate of formation of hydrogen sulfide. 
Results of 234 such tests are summarized in Figure 1. It is seen that most 
rapid development took place when the culture from which the inoculum 
was taken was about two days old. A more or less regular decline in vigor 
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FiGuRE 1. Relation between age of inoculum and the rate of 
hydrogen sulfide formation. 


was evident as the age of the inoculum increased from about 3 days to 20 
days. There is no evidence for any further decline from about 21 days to 
50 days. The results thus show a survival in good condition for at least 50 
days. Data for longer periods are presented below. 

Survival at 30° and at 0.5° C. For cultures older than 50 days some data 
are available as to whether or not growth occurred when transfers were 
made. Rate studies were not carried out with these older cultures. Data 
for cultures stored at 30° and at o.5° C. are presented in Table III. It is 
seen that at 30° only 63 per cent of the cultures from 50 to 100 days old 
were viable and as age increased up to 300 days the percentage of viable 
cultures decreased further to about 15 per cent. One of two cultures kept 
over 300 days grew upon transfer. 

As would be expected the bacteria remained viable for longer periods 
at o.5° C. Cultures held up to too days were all viable and the percentage 
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of cultures remaining viable was decreased only to about 50 per cent for 
16 cultures held from 301 to 343 days at this temperature. A basic differ- 
ence between the cultures at 30° and at o.5°is that no growth, as measured 
by hydrogen sulfide production, took place at the lower temperature. The 
procedure used in these viability studies was to hold the cultures a number 
of days at 30° for growth to occur before storing them at 0.5° C. There- 
fore, at 30° the quantity of hydrogen sulfide reached was the maximum 
possible for that particular culture, while the hydrogen sulfide content of 
the cultures stored at 0.5° was dependent upon the degree of development 
at 30° before transfer to 0.5°. The length of time the cultures were held 


BABE ES Unt 


SURVIVAL OF CULTURES OF SULFATE REDUCERS KEPT FOR COMPARATIVELY LONG 
PERIODS AT 30° AND AT 0.5° C. 


30° Ouse 
Age, Percentage Age, Percentage 
days No. viable days No. viable 
50-100 16 63 50-100 12 I0o 
IOI—200 13 23 IOI—200 8 50 
201-300 15 13 201-300 9 56 
301-319 2 50 301-343 16 56 


at 30° was not the same for all the cultures included in this study since 
the time necessary to reach high concentrations of hydrogen sulfide varied 
with the age of the parent culture. In general, the extent of exposure to 
hydrogen sulfide was essentially the same in the 0.5° as in the 30° series. 

For each culture contributing to the averages given in Table III the 
age and the hydrogen sulfide content when transferred were known. An 
examination of these data, especially from the 0.5° series, indicated that 
long exposure to high concentrations of hydrogen sulfide did not seem to 
be the primary reason for only about 50 per cent of the cultures being viable 
when held for over too days. Often among cultures of approximately the 
same age, those containing high concentrations of hydrogen sulfide re- 
mained viable while others containing less sulfide failed to grow upon 
transfer. The fact that more hydrogen sulfide was produced indicated great- 
er vigor in the first instance, and apparently factors associated with this 
vigor were more important in determining survival time than any injuri- 
ous effect of the accumulated hydrogen sulfide. The effect of contact with 
hydrogen sulfide is brought out clearly when the data are arranged in order 
with respect to degree of exposure. The degree of exposure may be given 
by an exposure index which can be obtained by multiplying the number of 
days the cultures were held by the concentration of hydrogen sulfide 
present in grams per liter. When the data for the 0.5° series were arranged 
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in descending order with respect to the magnitude of this index, it was 
apparent that survival was quite independent of the concentration of 
hydrogen sulfide. Thus, of the 15 cultures with the highest indices (698— 
266) 80 per cent grew upon transfer. The next 15 cultures with indices 
varying from 263 to 134 had a survival rate of 73 per cent, and the 15 
cultures with the lowest indices, 132 to 36, manifested a survival rate of 
60 per cent. There is thus no evidence that the survival time was deter- 
mined by sensitivity to hydrogen sulfide. 

Since there were definite decreases in survival rate in the 30° series 
with time, an analysis such as that carried out above would show decreased 
survival with the higher indices. Such would also be the case, of course, 
if the o.5° series had been carried to the time when increasing numbers of 
cultures had failed to grow on transfer. Such data would not prove that the 
loss in viability was the result of sensitivity to hydrogen sulfide. All that 
can be stated with the information at hand is that the bacteria are able 
to withstand high concentrations of hydrogen sulfide for long periods of 
time and that reasons for loss in viability are not apparent but that sensi- 
tivity to long exposure to hydrogen sulfide does not seem to be the pri- 
mary factor. 


DISCUSSION 


Although there are many organisms which may form small amounts 
of hydrogen sulfide or which can live in the presence of low concentrations 
of sulfide, the sulfate-reducing organism is unique in being able to with- 
stand extremely high concentrations. Because of the general toxicity of 
hydrogen sulfide to various forms of life, workers interested in the sulfate 
reducers have been tempted to assume that the hydrogen sulfide they 
produce is inimical in one way or another to their development. Thus the 
maxima suggested by Baars 20 years ago, namely 794 mg. per liter for 
non-marine forms and 1448 mg. per liter for marine forms (1), were long 
accepted until recent work showed that these maxima could be easily 
exceeded through relatively minor changes in the nutrient media (3). In 
fact, with the improved media, these maxima were occasionally exceeded 
during the first growth period in a culture vessel, after inoculation with 
samples of soil. Furthermore, these experiments also showed that produc- 
tion of high concentrations of hydrogen sulfide was not dependent upon 
relatively slow growth but that on the contrary rapid development of the 
bacteria led to the highest concentrations of the sulfide observed. 

Since this organism will not grow in the absence of sulfate and since the 
reduction of sulfate to hydrogen sulfide is a necessary part of its existence, 
it would not be expected that the quantities of hydrogen sulfide ordinarily 
produced within the cells would have any particularly harmful effect. On 
the other hand, accumulation of large quantities of the end product of its 
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metabolism, like an accumulation of the end products of the activities of 
other species of bacteria, even when such products in themselves are not 
especially toxic, would be expected ultimately to prevent further develop- 
ment. The experiments reported in the present paper have shown that 
when some or all of the hydrogen sulfide produced is removed, a greater 
total quantity of sulfide is formed; this would indicate clearly that the 
presence of large quantities of hydrogen sulfide tends to retard the produc- 
tion of additional sulfide. However, the bacteria were tolerant to high 
concentrations of hydrogen sulfide and survival in old cultures did not 
seem to be primarily associated with the concentration of hydrogen sul- 
fide. 

Removal of an end product of bacterial metabolism as it is being pro- 
duced, regardless of whether the substance could be considered particularly 
toxic, would be expected to increase the total quantity of end product 
formed and probably also the rate of formation. In the present experi- 
ments when the sulfide was removed in one way or another the total 
quantity formed was increased but not the rate of production. Possibly 
the methods used involved conditions in themselves somewhat deleterious 
to the bacteria. 

It would be of interest to be able to determine the quantity of sulfide 
present within the bacteria when growing in media in which high concen- 
trations are found. Quite likely concentrations within the bacterial cells 
differ markedly from those outside. 


SUMMARY 


Bacteria in individual cultures of the sulfate-reducing organism, 
Desulfovibrio desulfuricans (Beij.) K. and v. N., which for one reason or 
another do not produce as high concentrations of hydrogen sulfide as 
are ordinarily possible, are not especially sensitive to considerably higher 
concentrations of hydrogen sulfide. 

When some of the hydrogen sulfide being formed is removed, as, for 
example, by zinc acetate in the upper arm of a Thunberg tube, or when it 
is substantially all removed by the presence of ferrous sulfate or cadmium 
carbonate in the nutrient medium, considerably larger amounts of total 
sulfide are formed than in corresponding controls. Large amounts of hydro- 
gen sulfide in the culture medium thus seem to be a deterrent to further 
development. 

Most rapid formation of hydrogen sulfide occurs when the inoculum is 
from a culture about two days old. As the age of inoculum increases from 
2 to 20 days, the rate of formation of hydrogen sulfide in the new culture 
decreases so that 140 hours instead of 50 hours are required to reach the 
50 per cent point in hydrogen sulfide concentration. When over so days 
old, a certain percentage of cultures lose viability entirely but growth may 
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take place in transfers from cultures over 300 days old. Survival rates are 
considerably higher when the cultures are held at 0.5° rather than at 30° C. 
There is no evidence that survival is mainly determined by the hydrogen 
sulfide present in the cultures. 
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FORMATION OF METAL SULFIDES THROUGH THE 
ACTIVITIES OF SULFATE-REDUCING BACTERIA 


LAWRENCE P. MILLER 


Sulfate-reducing bacteria, Desulfovibrio desulfuricans (Beij.) K. and v. 
N., are widespread in their occurrence, being found in both salt and fresh 
water and in all soils generally. It has been suggested that they may have 
played an important role in the formation of the large commercial sulfur 
deposits and also of the metal sulfides (4). Black muds associated with the 
development of these bacteria owe their color to the precipitation of small 
amounts of iron present as ferrous sulfide. In tests reported in a previous 
paper (3) it was found that large amounts of ferrous sulfate were tolerated 
in culture media, and that under the conditions employed larger amounts 
of sulfate were reduced when ferrous sulfate was present in the media than 
in its absence. Similarly, cadmium carbonate could be added to the media 
whereupon the sulfide formed was converted into cadmium sulfide. Again 
more sulfide was formed in a given culture with cadmium carbonate pres- 
ent than when the sulfide remained in solution. These results suggested 
that compounds of other metals should be tested in this manner and it 
has been found that the sulfides of lead, zinc, antimony, bismuth, cobalt, 
and nickel could be obtained in culture media in which sulfate was being 
reduced. These findings therefore suggest that large-scale production 
through bacterial action of sulfides of some of the metals is possible as far 
as the necessary tolerance of the bacteria to relatively insoluble compounds 
of these metals is concerned. Whether there is any likelihood that such a 
process may have been associated with the formation of deposits of metal 
sulfides is a question beyond the scope of this paper but may warrant con- 
sideration by those interested in the genesis of ore deposits. 


MATERIALS AND METHODS 


Source of bacteria. Strains of bacteria used were those previously de- 
scribed (1). Insofar as these experiments are concerned no differences 
between strains were established and therefore specific strains are not 
referred to. 

Nutrient media. Two basic nutrient media were used. One described 
previously as No. 220 contained the following ingredients in grams per 
liter: NH,Cl, 1.00; MgSO,:7H20, 2.00; NazSOu, 18.25; K2HPOu, 0.50; 
CaCl.-2H.O, 0.10; sodium lactate, 21.0; NaCl, 16.0; CaCOs, 1.0; 
Fe(NH4)2(SO4)2-6H2O, trace. The other medium was similar in composi- 
tion to No. 220 but contained more NasSO, and sodium lactate, namely 
totals of 27.38 and 32.0 g. respectively, and also 5 grams of yeast extract 
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per liter, since yeast had been found to be a stimulant for the growth of the 
sulfate reducers (2). These media are referred to as A and B in the table 
given below. If all of the sodium lactate were used for the reduction of 
sulfate and the oxidation of the lactate proceeded only to acetate, quanti- 
ties of sulfide equivalent to 3192 and 4864 mg. per liter of hydrogen sulfide 
theoretically can be formed in these two media, respectively. 

Metal compounds. The following metal compounds were included in the 
tests: antimony trioxide, Sb»O3; bismuth subcarbonate, (BiO)2CO;:H20; 
cobalt carbonate, approximately 2CoCO;:3Co(OH):2; copper carbonate, 
CuCO;-Cu(OH)»; basic lead carbonate, approximately 2PbCO;:Pb(OH).; 
lead sulfate, PbSO.; nickelous carbonate, technical; nickelous hydroxide, 
Ni(OH).; and zinc carbonate, approximately 2ZnCO;:3Zn(OH)2. These 
were obtained from the usual commercial sources except the lead sulfate 
and nickelous hydroxide which were prepared in the laboratory. 

Culture techniques. The bacteria were cultured as previously described 
except that the medium was not freshly heated and cooled each day (1). 
The cultures were maintained either in glass stoppered 55-ml. Pyrex bottles 
or in 2-oz. flat prescription bottles varying in volume from 65 to 70 ml. 
and supplied with plastic caps. The quantity of metal compound used in 
each test was two grams per culture vessel. The amount of sulfide that 
could be precipitated by this quantity of additive depended, of course, 
upon the particular compound but, in general, exceeded the theoretical 
quantity that could be produced in the cultures except for the compounds 
of lead. 

Determination of the sulfide formed. The sulfide produced was deter- 
mined by conversion to hydrogen sulfide and reaction with an excess of 
iodine and back titration with sodium thiosulfate. Details of the proce- 
dure varied depending upon the properties of the metal sulfide in question. 
With some of the sulfides, titrations were carried out in 500-ml. glass- 
stoppered bottles. The contents of the culture vessels were rinsed into the 
titration bottles, acetic or hydrochloric acid added and an excess of iodine 
maintained in the bottles until all of the metal sulfide seemed to have been 
dissolved, after which the excess iodine was back titrated with sodium 
thiosulfate using starch as an indicator. This procedure could be used with 
the sulfides of cadmium (3), lead, zinc, and antimony. With antimony, 
higher concentrations of hydrochloric acid and a longer time were required. 
The ease with which the sulfides dissolved depended to some extent on the 
age of the cultures. No doubt the precipitates were most finely divided 
when first formed. This method did not give true results with a medium 
containing large amounts of ferrous sulfate and a large excess of calcium 
carbonate as described in a previous publication (3). However, under the 
conditions of the present experiments the correctness of the values, in 
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instances where there was any doubt, was checked by using the procedure 
described below. 

An alternative procedure was to wash the contents of the culture vessel 
into a 5oo-ml. Erlenmeyer flask, acidify and pass a stream of nitrogen 
through the mixture in the flask and out through Van Slyke-Cullen tubes 
(5) containing 2 per cent zinc acetate. The zinc sulfide formed was then 
dissolved in hydrochloric acid and the hydrogen sulfide which was liber- 
ated titrated in the usual way. The nitrogen was passed through the culture 
until no more zinc sulfide was formed. With sulfides insoluble in acetic acid, 
it was possible to determine uncombined sulfide, by first determining the 
amount given off when acetic acid only was added. This alternative pro- 
cedure was generally used with the sulfides of antimony, bismuth, cobalt, 
and nickel and with some of the other metals for purposes of comparison 
with the direct titration method. The sulfides of bismuth and cobalt are 
so difficultly soluble that under the conditions employed only a part of the 
sulfide present was recovered. Appropriate notations are made in the table 
given. 

RESULTS 


Growth was obtained in the presence of all the metals tested except 
copper. Only one compound of copper, CuCQO;:Cu(OH).s, was included in 
the series. It would therefore be premature to conclude that the bacteria 
are necessarily more sensitive to copper than to the other metals tested. 
Development occurred readily in the presence of compounds of cadmium 
(3), iron (3), antimony, bismuth, and lead, somewhat less so with cobalt 
and zinc; and least readily in the presence of compounds of nickel. Some 
of the results are summarized in Table I. In general the quantity of sulfide 
produced was greater under these conditions when insoluble sulfides were 
precipitated than in the controls in which hydrogen sulfide accumulated. 
Extensive rate studies were not carried out but there was no evidence that 
the removal of sulfide increased the rate of sulfide production. 

Although the metal compounds added were relatively insoluble in the 
media used hydrogen sulfide was removed fairly efficiently. In some in- 
stances data were obtained as to the quantity of free hydrogen sulfide in 
the cultures and these are shown in the table in footnotes c, d, e, f, and g. 


DISCUSSION 
The metal compounds added to the cultures are all relatively insoluble. 
It would not be expected that the bacteria would develop in appreciable 
concentrations of any of the metals included in these tests. Since the sul- 
fides are still more insoluble, the compounds present were converted into 


the sulfides as hydrogen sulfide accumulated. Since the compounds were 
usually oxides, hydroxides, or carbonates, the other products of the reac- 
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tion with hydrogen sulfide were not harmful to the development of the 
bacteria. 

In spite of the relative insolubility of the metal compounds added, 
some metal ions were in solution. This could be noted in some instances 
by the color imparted to the medium. The quantity of metal in solution 
when growth of the bacteria was initiated was variable since hydrogen 
sulfide in the inoculum precipitates the metals. The maximum concentra- 


TABLE: I 


FORMATION OF METAL SULFIDES THROUGH THE ACTIVITIES OF 
SULFATE-REDUCING BACTERIA 


Total sulfide formed as Total sulfide formed as 
mg./l. of H2S mg./l. of H2S 
Metal Metal 
compound in Mice compound in Metal 
medium Me- ee medium Me- com- 
dium | Compound | Control dium| pound Control 
present present 
B 2437>%0 1862 A 2320 1908 
B 29274 2208 A 2588 2086 
Sb.03 B 2705° 1751 2PbCO;-: A 1862 IQI5 
cami A 2149” 1998 Pb(OH)» A 1065 2045 
A 2456 1862 B 2617 2208 
B 3346 2085 
. ; A 2707»! 1908 PbSO, B 1756 2208 
(BiO)xCOs: H20 B 3309) 8 2208 B 2440 1751 
A 2666 1998 
CdCO; A 2808 2401 Ni(OH),» A 2134> 2401 
B 3339 2208 
2CoCO;- B 1506> — 2ZnCOQ;: B 3586 = 
3CO(OH). B 2153? 2208 3Zn(OH)» A TA25 1690 


® For composition of media A and B see Materials and Methods section. 

> Values low—metal sulfide did not dissolve completely. 

° Of this quantity 718 mg./l. were present as free HS. 

4 Free H2S, 280 mg./l. 

© Free H2S, 666 mg./I. 

f Free H2S, 766 mg./I. 

& Free HS, 235 mg./I. 

» Results with CdCO; published in a previous paper (3); a few values are included here 


for comparative purposes. 

tion of the various metals tolerated by the bacteria has not been studied. 
Nevertheless, the results suggest at least a moderate tolerance to the metals 
tested. 

Since hydrogen sulfide is known to be toxic to most forms of life, work- 
ers with sulfate-reducing bacteria have been tempted to assume that the 
hydrogen sulfide produced by these bacteria is deleterious to their further 
development. Results published in previous papers have indicated that the 
bacteria are not very sensitive to hydrogen sulfide and that rapid develop- 
ment of the bacteria is not prejudicial to the formation of high concentra- 
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tions (1, 3). However, when the sulfide produced is precipitated in the 
form of an insoluble metal sulfide, the total amount of sulfide formed is 
higher than in the controls. No evidence has so far been obtained that 
removal of the hydrogen sulfide increases the rate of formation and there- 
fore rate of growth. 

SUMMARY 


Sulfides of antimony, bismuth, cobalt, cadmium, iron, lead, nickel, and 
zinc were formed as the result of the activities of sulfate-reducing bacteria, 
Desulfovibrio desulfuricans (Beij.) K. and v. N., when certain relatively 
insoluble compounds of these metals were present in the nutrient medium. 

Growth took place most readily in the presence of the cadmium, iron, 
antimony, bismuth, and lead compounds tested, less readily with those of 
cobalt and zinc, and least readily in the presence of compounds of nickel. 
Of the metals studied results were completely negative only with 
CuCO;:Cu(OH)s, the only compound of copper tested. 

In general, in these experiments in which the hydrogen sulfide produced 
was precipitated as an insoluble sulfide, the total amount of sulfide formed 
was larger than in the controls, thus indicating that the presence of high 
concentrations of hydrogen sulfide in the medium tends to retard further 
growth of the bacteria. 

These results suggest that insofar as the tolerance of the sulfate 
reducers to certain metal compounds is concerned the suggestion that 
deposits of metal sulfides may have been the consequence of bacterial 
origin is feasible. Whether such an explanation of the formation of de- 
posits of sulfide ores is tenable on the basis of other evidence available is 
beyond the scope of this paper but may warrant consideration by those 
especially interested in the genesis of ore deposits. 
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GROWTH AND REPRODUCTION OF WATER HYACINTH 
AND ALLIGATOR WEED AND THEIR CONTROL BY 
MEANS OF 2,4-D! 


A. E. Hitcucock, P. W. ZIMMERMAN, HENRY KIRKPATRICK, JR., AND 
ToL PARLE 


Experimental work dealing with the growth, reproduction, and practi- 
cal control of water hyacinth (Eichhornia crassipes Solms.) and alligator 
weed (Alfernanthera philoxeroides [Mart.] Griseb.) was started in April, 
1948. Results of the first year’s work were reported in 1949 (1), and a 
summary of later work, together with practical recommendations for 
controlling hyacinths in the waterways of Louisiana, appeared in the early 
part of 1950 (5). The present report describes the results of observations 
and experiments not previously reported and summarizes the work to date. 

Results of experiments in 1949 confirmed those obtained in 1948 in 
showing that hyacinths in navigable waterways as well as in the experi- 
mental pits could be controlled by means of 2,4-D (2,4-dichlorophenoxy- 
acetic acid). Due to the presence of overhanging trees and other hazards 
along the irregular margins of waterways, it was generally not possible to 
contact all hyacinths with a lethal dose of 2,4-D in a single application. 
Consequently, practical control of hyacinths consisted of applying with 
helicopter, truck-mounted, or boat-mounted equipment an initial spray 
containing a sufficient quantity of 2,4-D to cause sinking of go per cent or 
more of the plants, and a second follow-up spray to eliminate the hya- 
cinths which had escaped being killed by the first treatment. The approxi- 
mate minimum quantity of 2,4-D which proved effective under all con- 
ditions was 8 lb. per acre. The 4 lb. per acre dose was not consistently 
effective and the 2 lb. per acre dose was ineffective. 

The results obtained in Florida by Seale and Allison (4) show that a 
dose of 1 Ib. of 2,4-D per acre, applied in the form of the butyl ester in 
diesel oil from an airplane, removed on the average only 62 per cent of 
the hyacinth cover from infested canals. The authors speak of rapid re- 
growth occurring, especially during the winter season, which involves pro- 
duction of seedling hyacinths on the decaying mat of dead plants after 
spraying. Under the conditions existing in Louisiana during 1948 and 1949, 
a 1 to 2 lb. per acre dose of 2,4-D proved ineffective since only to to 50 


1 The investigations reported herewith were carried out by members of the staffs of 


Boyce Thompson Institute for Plant Research, Inc., Yonkers, N. Y.; Tulane University, 
New Orleans, La.; and the U. S. Corps of Engineers, New Orleans District. The cooperative 
project was made possible by a contract between Tulane University and the U.S. Corps of 
Engineers. 


2 Department of Botany, Tulane University, New Orleans, La. 
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per cent of the hyacinths were killed. In fact, any treatment causing less 
than a go per cent reduction in hyacinth cover in our tests was considered 
ineffective on the basis of requiring a major instead of a minor follow-up 
patrol maintenance operation. In contrast to conditions in Florida, growth 
and vegetative propagation of hyacinths occurred at a very slow rate in 
Louisiana during the winter season (October through March) and seedling 
hyacinths were not found in any area which had received an 8 lb. per acre 
dose of 2,4-D. 

The type of vegetation or other hazards along the margins of waterways 
infested with hyacinths will no doubt determine to a considerable extent 
what methods of treatment are most suitable for controlling hyacinths. 
There appear to be relatively few places in Louisiana where an airplane 
could operate as effectively as a helicopter. Another special condition in 
Louisiana is that alligator weed grows to a considerable extent in most of 
the waterways infested with hyacinths. 

During 1949 an 8 lb. per acre dose of 2,4-D amine salt cleared the 
navigable waterways of both species. It was shown in 1948 that doses of 
2 to 4 lb. of 2,4-D per acre applied in the summer caused relatively little 
damage to alligator weed growing in the experimental pits, but an 8 Ib. 
per acre dose of 2,4,5-T (2,4,5-trichlorophenoxyacetic acid) applied in 
August caused sinking of all plants (1, p. 387). The ester was more effective 
than the amine salt. With methods of treatment described in the present 
report, it is considered poor economy to attempt a saving in the cost of 
spraying operations by reducing the dose of 2,4-D substantially below 8 
Ib. per acre. 


MATERIALS AND METHODS 


Chemicals. In addition to the compounds and formulations used in 
1948 (1), several new chemicals and prepared formulations were used in 
1949. The following growth-regulating substances were obtained from the 
Dow Chemical Co., Midland, Mich.: sodium 4-chloro-o-toloxyacetate, 
sodium 2-methyl-4-chlorophenoxyacetate, sodium 1-naphthaleneacetate, 
sodium 4-chlorophenoxyacetate, and H-978, an ester of 2,4-D of low 
volatility. The following dyes were obtained from general Dyestuff Corp., 
New York City: Tapestry Red RN, Uranine WSS, Naphthol Yellow SXX 
New, Tapestry Printing Bright Yellow GG, and Metanil Yellow Extra 
Conc. Additional materials were sodium trichloroacetate (duPont), 
Triton B-1956 (Rohm and Haas), diesel oil, Shell gasoline dyes, and Ultra 
Wet. Since the alkanolamine and triethanolamine salts of 2,4-D were of 
equal activity (5, p. 78), no distinction is made between them in the pres- 
ent report, both being referred to as the amine salt. The alkanolamine 
salt of 2,4,5-T and the isopropyl esters of 2,4-D and 2,4,5-T were also 
used in the present tests. Nekal NS (General Dyestuff Corp.) was used as 
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a spreader at a concentration of 0.1 per cent in all spray solutions applied 
by ground equipment. 

Spray equipment. Sprays were applied to hyacinths and alligator weed 
in experimental pits at a pressure of 25 to 30 lb. p.s.i. (per square inch) 
by the same equipment used in 1948 (1), with the exception that a five- 
nozzle instead of a four-nozzle boom was used in 1949. The pits were 
15 X30 ft. at the top, ro X10 ft. at the bottom, and ro ft. at the deepest 
point. Spraying Systems’ 1{ inch TOC (Teejet off-center) boomjets were 
also used in applying sprays to plants in experimental pits and in canals. 
Four sizes of the TOC jets were used, and special equipment was designed 
to meet the output requirements of the different nozzle tips. A Porto 
Pump (Porto Pump Inc., Detroit, Mich.) having an output of 45 g.p.m. 
(gallons per minute) was fitted with a one inch by-pass valve and a one- 
half inch regulating valve to control the output at a given constant pres- 
sure. The requirements of the TOC jets varied from an output of 12 g.p.m. 
for the largest (No. 150) to 1.5 g.p.m. for the smallest (No. 20). A drum 
having a capacity of 50 gal. attached to the pump served as the spray 
tank. A Bean gun was also used with this equipment. For field work this 
equipment was mounted on a small truck or on a 20-ft. skiff powered by 
an outboard motor. 

A Bean Junior Duplex pump with an output of 4 g.p.m. and a Bean 
Royal 35 pump with an output of 35 g.p.m. were used extensively in the 
large-scale field experiments. A Bean gun fitted with a No. 7 nozzle was 
used with the smaller pump and one fitted with a No. 16 nozzle was used 
with the larger pump. The Bean Royal 35 pump was attached to a tank 
having a capacity of 600 gal. which was mounted either on a large truck 
or on asmall barge. Water for the sprays was pumped from the waterway 
by means of a suction pump having a capacity of 40 g.p.m. 

A Bell helicopter, Model 47-D, equipped with the necessary spraying 
equipment and fitted with pontoons, was used extensively during 1949. 
This machine could land for reloading in a very limited area on land or 
water, or on a small barge. This type of helicopter is capable of spraying 
600 acres or more per day, as compared to about 15 acres with boat- 
mounted equipment, and it can carry a spray load of 300 Ib. The helicopter 
was fitted with two spray booms, each mounted at a 30° angle on either 
side of the fuselage. Each boom contained 41 tap bosses which were spaced 
three inches apart, alternating in a vertical and horizontal position, with 
the vertical ones pointed downward and the horizontal ones pointed to- 
ward the rear of the ship. The over-all length of the two booms from tip to 
tip was 23 ft. Additional spray equipment on the helicopter consisted of 
a centrifugal pump having an output of 30 g.p.m. at a pressure of 4o Ib. 
p.s.i. Spraying Systems’ Whirljet ¢ BAL No. 1 nozzles were used in all 
tests. The helicopter was flown at a speed of 30 m.p.h. (miles per hour) 
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when spraying and at altitudes of 10 to 80 ft. For some of the tests in 
areas inaccessible to land equipment a small barge was used on which the 
helicopter landed for reloading. 

Coloration of spray solution. Various dyes were used in attempts to 
color the 2,4-D sprays. The five water-soluble dyes (General Dyestuff 
Corp.) colored a r per cent solution of 2,4-D, but the residue was not 
visible on the sprayed foliage of hyacinth or alligator weed. These dyes 
were not soluble in 20 to 4o per cent solutions of 2,4-D. The Orange and 
Red Shell gasoline dyes were soluble in 40 per cent 2,4-D, but the dyed 
sprays were not visible on hyacinth or alligator weed foliage. In cases 
where an injection system of adding concentrated 2,4-D directly to the 
water spray is used, the gasoline dyes would be of value in coloring the con- 
centrate so that the operator would know whether the system was operat- 
ing correctly by the presence or absence of color in the spray. 


ABE Ea 


RELATIVE EFFECTIVENESS OF JUNE AND AUGUST SPRAYS OF THE AMINE SALT OF 2,4-D 
60 TO 70 DAYS AFTER APPLICATION TO HYACINTHS GROWING IN Pits 
ONE TO Two MONTHS BEFORE TREATMENT 


Percentage of plants sunk No. of plants growing 
| 
Conen., | Lb. per June August June August 
Gy acre* 
1948 | 1949 | 1948 | 1949 | 1948 | 1949 | 1948 | 1949 
Ends | Entire | Entire | Entire | Ends | Entire | Entire | Entire 
One 2) 50° 99 98 98 2 6 E 3 
0.6 4 50 99 98 100 ° 8 ° ° 
a2 8 98 100 100 100 ° ° ° ° 


* Applied at the rate of 78 gal. per acre. 


RESPONSE OF PLANTS IN EXPERIMENTAL PITS 
RESULTS WITH HYACINTHS 


Effective doses of 2,4-D. Results of tests carried out in 1949 were in 
agreement with those obtained in 1948 in showing that 2,4-D was equally 
effective for killing and sinking hyacinths when all plants in the pit were 
treated (450 sq. ft.) as compared with treating roo sq. ft. at the end por- 
tion (Table I). The relation between killing the aerial parts of hyacinths 
and the rate of sinking of the plants is shown in Figure rt A. The curves 
represent the average results for all treatments applied to entire pits in 
1949. These data (Fig. A) show that 95 to 100 per cent top killing occurred 
in 15 to 35 days as compared with the equivalent percentage of sinking in 
65 to roo days. 

The rate at which hyacinths sank was influenced to a much greater 
extent by the dose of 2,4-D than was the rate of top killing (Fig. 1 A). 
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Since the rate of delivery was held constant at 78 gal. per acre, the dose ra- 
tio was the same for concentration (0.3, 0.6, and 1.2 per cent) and rate of 
application (2, 4, and 8 lb. per acre). There was no noticeable increase in 
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2 \b./acre (0.3%) 
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20 40 60 80 100 
TIME AFTER TREATMENT-—DAYS 
FicureE tr. A. Average rate of killing and sinking of hyacinths in experimental pits after 
treatment with different doses of the 2,4-D amine salt. B. Average rate of sinking of hya- 
cinths according to the time the plants were growing in the experimental pits before treat- 
ment. 


rate of top killing with increased rates of application from 2 to 8 Ib. per 
acre of 2,4-D. However, an increase in rate of sinking was induced by an 
increase in rates of application. It is evident from these results (Fig. 1 A) 
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FrGurE 2. Rate of sinking of hyacinths in experimental pits after treatment with 
different doses of the 2,4-D amine salt at different times of the year. 


that the percentage of hyacinths sunk is a more reliable criterion than the 
percentage of plants with tops killed for determining differences in lethal 
effects caused by 2,4-D. The 8 lb. dose of 2,4-D killed all hyacinths on the 
average of 15 to 20 days sooner than the 2 to 4 lb. doses. Other examples 
of the greater effectiveness of the 8 lb. per acre dose as compared with the 
2 to 4 1b. doses are shown in Table I and will be referred to in other sections. 

Seasonal effects. Since the time for all plants to sink ranged from 40 to 
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too days (Fig. 2), it appeared that factors other than the dose of 2,4-D 
were affecting the rate of sinking. Data in Figure 2 show that hyacinths 
treated in August sank 30 to 50 days sooner than those receiving a similar 
treatment in September. This applied to hyacinths which had been growing 
in the pits for one to two months prior to treatment. Similar plants treated 
in May, June, or July gave variable results according to the dose of 2,4-D, 
but in each case the time for all plants to sink was intermediate between 
that for the August and September treatments. Whereas in August the 
2 to 8 lb. per acre rates of application were about equally effective, in 
June the 8 Ib. dose was considerably more effective than the 2 to 4 lb. 


TABLE II 


EFFECT OF WASHING FOLIAGE OF HYACINTHS AFTER TREATMENT WITH 8 LB. oF 2,4-D 
APPLIED AT THE RATE OF 78 GAL. PER ACRE TO PLANTS GROWING IN 
THE Pits 12 MONTHS BEFORE BEING TREATED 


interval Spreader Percentage of plants sunk after days 
Pies indicated 
washing,” a Concen., 

minutes | Name | % 70 80 go 1 W2 
° Nekal NS | On25 ° 80 99 100 
| Triton 1956-B 0.05 ° 50 85 Ico 
15 Nekal NS 0.25 5 10 20 60 
Triton 1956-B 0.05 5 20 35 go 
30 | Nekal NS 0,25 10 10 10 90 
Triton 1956-B 0.05 10 30 60 08 


* Washed by means of a fire hose. 


doses. Similar results (1, p. 371, 372) were obtained in 1948 (Fig. 2). Thus 
a 2 1b. per acre dose applied in August was as effective for sinking all 
hyacinths as an 8 Ib. dose applied in June. 

Age of plants in pits. The length of time the hyacinths had grown in the 
pits before being treated was also an important limiting factor (Figs. 1 
B and 3). For example, hyacinths growing in the pits 1 to 3 months before 
treatment with an 8 lb. dose of 2,4-D sank 28 days sooner than similarly 
treated plants that were in the pits 6 months, and 42 days sooner than 
plants growing in the pits for 12 to 13 months (Fig. 1 B). Similar results 
for plants 12 months in the pits as compared with 1 to 2 months are shown 
in Tables I, II, and III respectively. In this case the hyacinths in the pits 
for 12 months required an average of 40 days longer to sink as compared 
with the plants which were in the pits for only 1 to 2 months before treat- 
ment. 

Relative effectiveness of 2,4-D and 2,4,5-T. Results in 1949 (Table ITI) 
confirmed those obtained in 1948 (1, p. 377) in showing that the isopropyl 
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esters and amine salts of 2,4-D and 2,4,5-T were of about equal activity 
for killing and sinking hyacinths, provided the spray solution contained a 
minimum of about 1.0 per cent 2,4-D acid equivalent and was delivered 
at the rate of 8 lb. per acre. This equivalency did not hold for rates of 2 
to 4 lb. per acre in which case the amine salts were more effective than 


TABLE III 


COMPARATIVE EFFECTIVENESS OF AMINE SALTS AND ISOPROPYL ESTERS OF 2,4-D AND 
2,4,5-T 50 DAYS AFTER APPLICATION TO HYACINTHS GROWING IN 
Pits ONE MONTH BEFORE TREATMENT 


Percentage of plants sunk No. of plants growing 
be 
Fe) Ber 2,4-D 2,4,5-T 2,4-D 2,4,5-1 
g acre* - 
Salt | Ester | Salt Ester | Salt | Ester | Salt Ester 
Ong 2 98 go 95 ° 3 25 50 7000 
0.6 4 100 99 100 60 ° 5 ° 200 
Te 8 TOO 100 100 100 fo) ° ° ° 


* Sprays applied August 29, 1949, to entire pits at the rate of 78 gal. per acre. 


TABLE IV 


COMPARATIVE EFFECTIVENESS OF 2,4-D SALT FORMULATIONS APPLIED BY MEANS OF A 
TOC Jet No. 80 NozzLE ON APRIL 7, 1949, TO HYACINTHS GROWING IN 
Pits SEVEN MONTHS BEFORE TREATMENT 


Spreader No. of plants growing after 

2,4-D days indicated 

or Conen., 

Name %, 39 63 67 
None 0 40 70 (eXe) 
Sodium salt Nekal NS 0.25 3 ° ° 
Ultra Wet 0.05 4 IO 8 
None ° 5 ° ° 
Amine salt Nekal NS On25 ° ° fo) 
Ultra Wet 0.05 8 5 3 


* Approximately 8 Ib. per acre. 


their corresponding esters, but the ester of 2,4-D was considerably more 
effective than the ester of 2,4,5-T (Table III). 

Spreaders and adjuvants. Nekal NS was used as a wetting agent in all 
2,4-D spray solutions except for the few cases in which Nekal was com- 
pared with other wetting agents (Table IV). The effectiveness of a 2,4-D 
amine salt formulation was not increased noticeably by the addition of a 
wetting agent when the spray solution was delivered with low-pressure 
equipment (25 to 30 lb. p.s.i.) and under conditions in which rain did not 
interfere with the tests. This applied also to sprays delivered at a pressure of 
200 Ib. p.s.1. with TOC jets (Table IV). The washing action of rain within 
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TIME AFTER TREATMENT - DAYS 
FIGURE 3. Rate of sinking of hyacinths in experimental pits after treatment with 
different doses of the 2,4-D amine salt and according to the time the plants were growing in 
the pits before treatment. 


30 minutes after treatment generally reduced the effectiveness of a 2,4-D 
spray. Under these special conditions some wetting agents may be more 
effective than others, as indicated by the results obtained with Nekal NS 
and Triton 1956-B (Table II). Presumably the greater effectiveness of 
Triton 1956-B was due to its greater adhesive properties as compared with 
Nekal NS. Results in Table IV show that the sodium salt of 2,4-D was 
much more effective when a wetting agent was added. In this case Nekal 
NS proved more effective than Ultra Wet. The addition of 0.05 per cent 
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Ultra Wet to the amine salt of 2,4-D caused a slight reduction in the effec- 
tiveness of the spray treatment, perhaps due to an excessive run-off that 
might result in leaving less 2,4-D residue on the smooth surface of the 
hyacinth foliage. Although in these tests and in those carried out in 1948 
(1, p. 367) the effectiveness of the 2,4-D amine salt formulation was not 
increased noticeably by the addition of a wetting agent, the use of a wetting 
agent might be justified in large-scale spraying with a gun-type sprayer 


Ficure 4. Regrowth from chopped hyacinths and alligator weed after treatment with 
an 8 lb. per acre dose of the amine salt of 2,4-D as compared with chopped material not 
treated. A. Regrowth in 28 days from chopped hyacinths not treated. B. Sinking of all 
chopped hyacinth material 23 days after treatment. C. Regrowth in 63 days from chopped 
alligator weed not treated. D. Sinking of chopped alligator weed 57 days after treatment. 
Note shoots growing from a few stem pieces which rooted in shallow (foreground) end of pit. 


on the basis of aiding the operator to see which areas have been ade- 
quately covered. 

In 1948 the addition of 1 to 10 per cent of sodium trichloroacetate to 
an isopropyl ester formulation of 2,4-D appeared to increase the effective- 
ness of the treatment (1, p. 378). Similar additive effects were not obtained 
in 1949 when the amine salt was used instead of the ester. The use of 1 to 
to per cent of diesel oil with the amine salt caused a reduction in the rate 
of sinking. These results indicate that water-soluble forms of 2,4-D may 
not be compatible with oil or oil-soluble adjuvants unless suitable emulsi- 
fying agents are present. 

Other hormone herbicides. Several hormone-type herbicides not tested 
in 1948 were compared with 2,4-D in tests carried out in 1949. At a con- 
centration of 1.2 per cent sodium 2-methyl-4-chlorophenoxyacetate and 
Dow’s low volatile ester (H-978) were equivalent in activity to the amine 
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salt of 2,4-D. Sodium 1-naphthaleneacetate did not kill hyacinths and 
sodium 4-chlorophenoxyacetate killed only about 50 per cent of the plants. 
There was continuous flowering of hyacinths throughout the summer in 
pits treated with sodium 1-naphthaleneacetate. 

Effect of 2,4-D on chopped hyacinths. For many years it has been a 
common practice in Louisiana to open channels in hyacinth jams by means 
of saw-boats. The number of times the saw-boat passes through a given 
area determines the size of the pieces. Much of the chopped material 
floats, including the bud-containing rhizomes which are capable of form- 
ing new plants. An example of regrowth from boat-chopped material is 
shown in Figure 4 A. Hand-chopped plants acted in a similar manner. 
Treatment of the hand-chopped and saw-boat-chopped hyacinth material 


RAB Ea 


EFFECTIVENESS OF 2,4-D IN KILLING AND SINKING CHOPPED ALLIGATOR WEED WHEN 
THE MATERIAL WAS TREATED FIVE DAYS AFTER BEING PLACED IN 
THE EXPERIMENTAL PITS 


Average Pit area covered (sq. ft.) after days 
rea mant length of indicated 
cut pieces, 
inches ° 50 100 150 
Amine salt of 2,4-D 2 225 6 ° 20 
1.2% 8 lb./acre 5 400 200 45 45 
None 2 225 9 180 225 
5 400 200 270 270 


with 2,4-D within two weeks after placing the material in the experimental 
pits killed all portions of the plants, and consequently there was no re- 
growth in the treated pits (Fig. 4 B). In contrast, after three weeks there 
were 700 hyacinths growing from the non-treated material chopped by 
saw-boats and 200 hyacinths from the hand-chopped control material. At 
the end of three months the control hand-chopped material had produced 
2,500 hyacinths. These results show that hyacinths are not likely to be 
eradicated or controlled by chopping the plants into small pieces, but eradi- 
cation can be accomplished by spraying the chopped material with an 
effective dose of 2,4-D, as in the case of intact plants. The same dose of 
2,4-D (8 lb. per acre) which eradicated chopped hyacinths was also effec- 
tive for eradicating chopped alligator weed (Fig. 4 D and Table V). 
Penfound and Earle reported that hyacinths segmented by hand or by 
saw-boats resprouted abundantly but that treatment of the chopped 
material with 1 lb. per acre of the sodium salt of 2,4-D did not affect the 
rate of regeneration (2, p. 463). Their conclusion that it would be useless 
to spray the segmented hyacinth material is of course based upon the use 
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of a dose of 2,4-D which according to the present results would be ineffec- 
tive for killing intact hyacinths. 

Potential reinfestation from surviving plants. The experimental pits held 
a maximum of about 8,000 hyacinths. On the basis of this estimate and 
of estimates made for hyacinths throughout the Spillway area, there would 
be about 800,000 hyacinths per acre in any area where the plants were 
packed tightly together. This value is four times greater than the estimate 
of hyacinths growing in canals in Florida (4). Since hyacinths in experi- 
mental pits were observed to increase by off-shoot formation at the rate 
of 1,000 times in so days (1, p. 383), it is evident that in practical control 


TABLE VI 


RELATIVE EFFECTIVENESS OF 1.0 PER CENT 2,4-D FOR CAUSING HYACINTHS TO SINK WHEN 
THE SPRAY SOLUTION IS DELIVERED FROM TOC Jets oF DIFFERENT SIZE ATTACHED 


TO A JUNIOR BEAN DupLEX PUMP OPERATED AT A PRESSURE OF 150 LB. P.S.I. 

Percentage of plants sunk No. of plants growing after 
TOC Lb. per after days indicated days indicated 
jet No. acre 

37 61 73 37 61 73 
20 I ° 20 60 4800 6000 7200 
40 2 ° 8c go 125 200 800 
80 4 ° 80 go 8c 25 4 
150% 4 20 99 99 25 13 3 


* 14 g.p.m. output of pump required for this nozzle, but 4 g.p.m. was used. 


operations an effort should be made to use treatments which will kill every 
plant. 

Even though all hyacinths in a pit were eradicated by 8 lb. per acre of 
2,4-D in most of the tests, it is not likely that this can be done in large- 
scale practical control operations where it is difficult to contact all plants 
with the spray solution. Consequently, as will be shown in a later section, 
an initial treatment in the field may be considered effective if it causes 
sinking of go per cent or more of the hyacinths, since a properly-timed 
follow-up patrol maintenance spray caused sinking of most plants not 
eradicated by the first spray. 

Evaluating different treatments on the basis of the percentage of plants 
sunk is not likely to show significant differences if all values lie in the 
range go to 100 per cent. In this case the number of plants growing some 
days after treatment served as a more suitable criterion since the values 
range from less than 10 to more than 1,000 (Table VI). For example, the 
2 Ib. and 4 Ib. doses of 2,4-D each caused an estimated sinking of 90 per 
cent of the original number of hyacinths in a pit area of about 450 sq. ft. 
The actual number of plants including new offshoots 73 days after treat- 
ment was 800 in the pit receiving the 2 Ib. per acre dose and 4 in the 


1950] HITCHCOCK ET AL.—WATER HYACINTH AND 2,4-D 103 


pit receiving the 4 lb. per acre dose. When considering large-scale opera- 
tions, the potential reinfestation from 800 plants in 50 days would be suffi- 
cient to cover an acre of water as compared with one-eleventh acre from 
4 plants. Another striking example of how deceiving comparative results 
may be when expressed on the basis of small-scale tests as compared with 
large-scale tests is illustrated by an experiment in which the average results 
of six pit tests showed that the number of hyacinths not sunk was 16.8, 
6.3, and 0.2 respectively in pits receiving 2, 4, and 8 Ib. per acre doses of 
2,4-D. The corresponding percentages for the above number of plants not 
sunk are 0.21, 0.08, and o.o1 based on the original number of 8,000 plants 
per pit. When the number of plants remaining in the pits is adjusted to an 
area of one acre, then the calculated area which the remaining hyacinths 
would occupy in two months is 3.15, 1.18, and 0.04 acres respectively for 
the 2, 4, and 8 lb. per acre doses of 2,4-D. These differences emphasize the 
advantage of using the 8 lb. per acre dose of 2,4-D in large-scale opera- 
tions. 

Relative toxicity of 2,4-D and other chemicals to animal life. There was 
no evidence of 2,4-D being toxic to animal life in the experimental pits or 
in any of the other treated areas. Although livestock had access to thecanals 
which were sprayed with 2,4-D, there was no evidence of toxicity due to 
eating the foliage of treated hyacinths or from drinking the water. This is 
in contrast to killing of fish, snakes, turtles, frogs, tadpoles, and crawfish 
within 24 hours after spraying alligator weed in a pit with 3.2 per cent 
of Dow’s General Weed Killer. All of the animals killed rose to the surface 
where they floated until removed. Ten per cent sodium pentachlorophe- 
nate killed fish within ro minutes after spraying the solution on alligator 
weed in a pit. The fish at first were extremely agitated, jumping above the 
surface and then turning on their sides where they remained for a few 
minutes before sinking to the bottom of the pit. 


RESULTS WITH ALLIGATOR WEED 


Treatments with the amine salt of 2,4-D which were effective in 1948 
for killing and sinking hyacinths within three months were not similarly 
effective for eradicating alligator weed growing in the experimental pits 
(1, p. 387). The isopropyl ester of 2,4,5-T applied as a 17.5 per cent solu- 
tion at the rate of 8 lb. per acre on August 31, 1948, was the only treat- 
ment which resulted in the sinking of at least 95 per cent of the plants 
within three months. A similar treatment with the amine salt of 2,4,5-T 
killed all foliage and inhibited shoot growth for a period of about eight 
months without causing complete sinking of all the stems. After a period 
of 21 months practically all of the plants sank, as in the case of those 
treated with the ester of 2,4,5-T, but with the difference that the amine 
salt required 18 more months to accomplish the same result. 
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The fact that alligator weed growing in the experimental pits would 
sink eventually after a period of six months or longer as the result of a single 
8 lb. per acre treatment, was not anticipated when the tests in 1949 were 
planned and carried out as indicated in Table VII. In the 1949 tests em- 
phasis was placed on the application of at least two sprays with the idea 


TABLED Vil 


SUMMARY OF TREATMENTS IN 1949 IN WHICH A 1.2 PER CENT SOLUTION OF THE 
HERBICIDE WAS APPLIED AT THE RATE OF 8 LB. PER ACRE TO ALLIGATOR 
WEED GROWING IN EXPERIMENTAL PITS 


: Clear Clear 
Time of first and water | Time of first and watch 
last treatment Remarks May, last treatment Remarks May, 
1950, 1959, 
0 0 
2,4-D amine salt 2,4-D isopropyl ester 
Mar. 22 Aug. 29 — go May 5 Aug. 30 = 40 
May 5 Aug. 30 = : 95 May 5 Aug. 30 | 10% Diesel oil | 1co 
May 5 Aug. 30] 5% Dieseloil| 99 | July 14 Sept. 18 | Rain 90 min. 100 
May 5 Aug. 30 | 10% Diesel oil! 100 | July 14 Sept. 18 | Rain to min. 85 
June 16 Aug. 17 a 25 Aug. 17 — — 90 
June 27 — — 75 Aug. 17 H-978 95 
July 14 Sept. 18 | Rain 2 hr. 50 Sept. 18 — ae 95 
July 25 Sept. 18 | 5% Diesel oil 60 | Sept. 18 — 5% Diesel oil Ico 
Aug. 17 — — 85 Sept. 18 — H-978 99 
Aug. 29 — — 75 | Sept. 18 — 5% Diesel oil Soe 
Sept. 18 — — SOM LOCtan4 — — 100 
Sept. 18 — 5% Diesel oil 75 Oct aia — H-978 7c 
Oct. 14 — — 100 
Average 65 | Average 89 
2,4,5-1 amine salt 2,4,5-1T isopropyl ester 
Mar. 22 Aug. 29 = 99 May 5 Aug. 30 —= 100 
Aug. 17 — — 80 May 5 Aug. 30 | 10% Diesel oil go 
Oct. 14 — — 99 July 14 Sept. 18 | Rain 20 min. 100 
Sept. 18 = — 95 
Sept. 18 _ 5% Diesel oil 1co 
Octwers = ae 90 
Average 93 Average 96 


* H-978 used in this test. 


that the second spray would constitute an effective patrol maintenance 
treatment for alligator weed as in the case of hyacinth (5s, p. 77). Although 
this proved to be true in large-scale practical control operations, the same 
treatments were not equally effective on alligator weed growing in the 
expeiimental pits where lack of disturbance and the presence of shallow 
water at one end of the pit delayed sinking of a substantial proportion of 
the stems. 

The response of alligator weed in the experimental pits to two or three 
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successive treatments at intervals of 55 to 66 days, as compared with a 


single treatment, shows that the percentage of plant material sunk varied 
with the kind and formulation of herbicide (Table VIII) and the time of 


TABLE VIII 


RELATIVE EFFECTIVENESS OF THE AMINE SALTS AND IsopropYL ESTERS OF 2,4-D AND 
2,4,5-T FOR KILLING AND SINKING ALLIGATOR WEED WHEN ONE TO THREE 
SPRAYS WERE APPLIED TO THE PLANTS AT THE RATE oF 8 LB. Acrp 
EQUIVALENT (1.2 PER CENT) PER ACRE 


Percentage of plants sunk after final treatment in time indicated 
61-67 Days 7-9 Months 
Ty 
ime of treatment at et eo peice 
Amine “aiinc Amine Amine 

Salli Ester ale Ester Salt Ester aaite Ester 
May, July, August 30 60 iy — 98 95 40 — 100 
August 30 ° ° ° ° 85 go 80 Zon 
July, September 18 40 99 — 09 50 100 = 100 
September 18 40 20 — 50 50 95 — 95 
October 14 60 25 25 20 100 100 99 go 


* A second spray with the isopropyl ester of 2,4-D applied in September. 


TABLE IX 


RELATIVE EFFECTIVENESS ON ALLIGATOR WEED OF THE FIRST AND LAST OF SEVERAL 
SUCCESSIVE TREATMENTS, EACH CONSISTING OF 8 LB. OF THE 
2,4-D AMINE SALT PER ACRE 


Percentage of plants sunk 
No. of Date of first Date of last in 7 to 9 months 

treatments treatment treatment ateinrets irene ieee 
treatment treatment 

4 Mar. 22 August 25 go 

23 May 5 August 6c 05 

2 June 16 August fo) 25 

2 July 14 September 10 50 

2 July 25 September 15 60 

I Aug. 17 — 85 — 

I Aug. 29 — 75 — 

I Sept. 18 — 50 — 

I Oct14 = 100 = 


year the plants were treated (Table IX). The number of treatments ap- 
peared to be of less importance (Tables VIII and IX). Single treatments 
with both formulations of 2,4-D and 2,4,5-T were effective when applied 
in September or October (Table VIII). The time of year was an important 
factor for all formulations except the ester of 2,4,5-T. The greater effec- 
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tiveness of the ester of 2,4,5-T for killing alligator weed in experimental 
pits confirms the previous results obtained in 1948 (1). 

Adding 5 per cent of diesel oil to the amine salt and isopropyl! ester 
formulations of 2,4-D resulted in a higher percentage sinking (Table X). 
Similar consistent results were not obtained when diesel oil was added to 
esters of 2,4,5-I and the low volatile ester, H-978 (Table VII). Since by 
proper timing of the sprays, eradication of alligator weed was accomplished 
both in the experimental pits and in large waterways without the use of 
diesel oil as an adjuvant, there would appear to be no special advantage in 
the use of this oil in practical control operations. 

The fact that the amine salt of 2,4-D applied at the 8-lb. rate in October 
caused sinking of all alligator weed is of considerable practical impor- 


TABLE DRX 
Errect oN ALLIGATOR WEED OF ADDING DIESEL OIL TO 2,4-D AND 2,4,5-T APPLIED 
AT THE RATE OF 8 LB. (1.2 PER CENT) PER ACRE 


Percentage of plants sunk, May, 1950 
One treatment, Three treatments, 
Rocenlation September, 1949 May, July, August, 1949 
Diesel oil, % Diesel oil, %* 
° 5 ° 10 
Amine salt 2,4-D 50 75 95 100 
Isopropyl ester 2,4-D 95 100 40 100 
2,4,5-T 05 100 100 go 


* Diesel oil used only in May treatment. 


tance since the same treatment was shown to be effective for sinking hya- 
cinths at any time of the year. It is to be recalled, however, that in large- 
scale field operations treatment of a mixed growth of hyacinths and alli- 
gator weed with the amine salt of 2,4-D in April and in June caused sinking 
of all plants of both species by July 28 (5, p. 77). As mentioned previously, 
alligator weed in experimental pits was more difficult to kill than plants 
growing in deep waterways. The reason for this difference became apparent 
after the growth habits of alligator weed were better known. 

Unlike water hyacinth, the alligator weed is not a floating species which 
can grow and survive without having its roots anchored in soil or in a simi- 
lar substrate which supports root growth. Thus the growth of alligator 
weed from the banks of waterways out into the water is limited to the depth 
of water that permits roots to anchor in soil which generally means a depth 
of less than 5 ft. In the observed cases, the outer margin of a pure stand 
of alligator weed stopped growing and generally turned yellowish when the 
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plants reached water having a depth of ro ft. or more. Plants at the out- 
ward margin of such a fringe growth broke away from the main mass in 
clumps ranging from several to many feet in diameter as a result of wind 
action or other forms of disturbance. These free floating clumps failed to 
grow unless they reached and remained in shallow water or against a soil 
bank long enough for the roots to become anchored in soil. These observed 
limitations were confirmed experimentally by isolating a group of alligator 
weed in water having a depth of 5 to 7 ft. under the plants during the test 
period of 21 months, at the end of which the plants had died as a result of 
not securing a root anchorage in soil. The appearance of these plants at 
the start and after 8 to 10 months shows that there was no substantial 
increase in the size of the group even when surrounded by hyacinths 
(Fig. 5). 

When alligator weed was transferred to the experimental pits, the 
plants grew and became established at a slow rate since more than half of 
the pit area contained water which was 5 to 1o ft. in depth. Eventually 
some of the plants became anchored in soil along the three vertical banks 
and also in the shallow end of the pit where the fourth bank sloped into the 
water. [The maximum growth attained by alligator weed in experimental 
pits was not so vigorous as in tree-shaded bayous and canals. 

Alligator weed underwent the following successive changes after treat- 
ment with an effective dose of 2,4-D or 2,4,5-T: killing of all foliage and 
the upper parts of shoots; flattening of the aerial stems to a horizontal 
position; reduction in thickness of the mat of stems first above and then 
below the water level to a thin floating layer as shown in Figure 6 B; 
growth of spindly new shoots from submerged stems starting at about the 
time noticeable reduction in the area of the floating material became evi- 
dent; and continued sinking of the floating material until all disappeared 
except in a few cases, as shown in Figure 4 D in the foreground end. A 
higher percentage of treated plants or stems survived by becoming 
anchored in soil at the shallow end of the pits than in large waterways, 
where there was a more pronounced disturbance resulting from wind and 
water currents. 

The difference in the capacity of a few isolated plants of alligator weed 
and a few hyacinths to reinfest a given area is illustrated in Figure 5. The 
few hyacinths dropped accidentally along the banks of the pit in Septem- 
ber (Fig. 5 A) reproduced slowly by means of offshoots until the following 
spring when rapid vegetative reproduction resulted in covering the entire 
pit area, most of which occurred in 2.5 months. In contrast there was no 
perceptible increase in the area covered by the alligator weed. These results 
show that alligator weed does not grow over or become intermingled with 
hyacinths unless the plants are anchored in soil or in substrate which sup- 
ports root growth. The rapid rate of reinfestation by hyacinths in this case 
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FiGurE 5. Relative difference in spread of alligator weed and hyacinths in deep water. 
A, Alligator weed in wire basket held by cables in center of pit where water was 8 to to ft. 
deep throughout test period starting September, 1948. Three hyacinths are in grass at edge 
of water. B. Appearance of pit in May, 1949, showing alligator weed at a standstill and 
hyacinths in the process of rapid vegetative reproduction. C. Appearance of pit in July, 


1949, showing alligator weed at a standstill surrounded by hyacinths which have occupied 
the remainder of the water surface. 


1950] HiTCHCOCK ET AL.—WATER HYACINTH AND 2,4-D 109 


FicureE 6. Representative response of alligator weed in experimental pits after treat- 
ment with an 8 lb. per acre dose of the esters of 2,4-D or 2,4,5-T. A. Before treatment. B. 
Mat of floating and submerged leafless stems as they appear three to four weeks after treat- 
ment when the material starts to sink. C. Sinking of all except a small amount of material 
in the shallow (foreground) end of the pit which occurs within three months. 
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is similar to that described in a previous section (Potential reinfestation 
from surviving plants). 

Prior to 1948 temporary channels were made through alligator weed 
by saw-boats which chopped the plants into small pieces. Most of the 
chopped material remained on the surface or was partially submerged. 
There has been considerable controversy over the question of whether the 
chopped alligator weed can grow and reestablish itself on a large enough 
scale to be regarded as an important source for reinfesting the original 
area or new areas where the floating material is carried by wind and water 
currents. Results of tests in which chopped alligator weed was thrown on 
the water.in the experimental pits showed that the amount of material 
which sank and the regrowth from that which remained afloat varied ac- 
cording to the average size of the chopped pieces (Table V). After five 
months, regrowth from pieces two inches in length had reinfested an area 
equal to that originally occupied by the chopped material. In a similar 
time regrowth from pieces five inches long reinfested about two-thirds of 
the original area (Fig. 4 C). These results show that chopped alligator weed 
has the potential capacity to reinfest within a few months an area equal 
to more than 50 per cent of the original area covered by the floating ma- 
terial. 

Treatment of chopped alligator weed with an 8 lb. per acre dose of 
2,4-D resulted in eradicating most of the material within two months (Ta- 
ble V and Fig. 4 D). A similar treatment was equally effective on chopped 
hyacinths, but in this case the material sank in 23 days (Fig. 4 B). 

Several different chemicals were applied during the summer to a mixed 
growth of alligator weed and hyacinths growing in the experimental pits. 
A given treatment with 2,4-D caused each species to sink in the same time 
as when grown separately in the experimental pits, namely, within three 
months for hyacinths and six months or longer for alligator weed. The 
amine salt was more effective than the H-978 ester in sinking alligator weed 
when the sprays were applied June 27, but the two chemicals were equally 
effective for sinking hyacinths. When the mixed growth of plants was 
treated in May with sodium 2-methyl-4-chlorophenoxyacetate, all hya- 
cinths sank in 100 days as compared with 80 days for the amine salt of 
2,4-D. A 1.2 per cent solution of sodium 1-naphthaleneacetate inhibited 
the growth of both species but caused neither killing of the foliage nor 
sinking of the plants. Hyacinths continued to flower in this pit at irregular 
intervals between the regular flowering cycles when flowering did not occur 
elsewhere in the Bonnet Carré Spillway area. 

A few of the alligator weed plants treated with sodium 1-naphthalene- 
acetate set seed which were oval in shape, approximately 2 mm. in length, 
and equipped with two wings arranged longitudinally on opposite sides. 
Under natural conditions alligator weed does not normally set seed, 
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although the plant is a prolific flowering type. Seed set was not observed 
anywhere except on the treated plants just mentioned. 


PRACTICAL CONTROL OF HYACINTHS AND ALLIGATOR WEED 
RESULTS WITH GROUND EQUIPMENT 


Comparative effectiveness of different sprayers. Results with spray equip- 
ment used in practical control tests varied according to the type of sprayer, 
speed of spraying, rate of delivering the spray solution, and the dose of 
2,4-D. The spray equipment used prior to June, 1949, consisted of a gun- 
type nozzle equipped with a 7/64 inch tip that delivered 4 g.p.m. when 
operated by a Bean Junior Duplex pump. The effective range of this 
equipment was r5 to 25 ft. at ground speeds of less than t m.p.h. and at 


TABLE XI 


EFFECTIVENESS OF 1.2 PER CENT 2,4-D FOR SINKING HYACINTHS WHEN THE SPRAYS 
WERE APPLIED DURING THE WINTER WITH A BEAN JUNIOR DUPLEX SPRAYER 


Minimum 

Date sprayed, temperature Lb. of 2,4-D % Sunk by 

1949* when Spravang, per acre April 1, 1949 
Jans 6 5¢ 10 I0o 
Jans *7 61 10 100 
zee 61 10 100 
Jan. 7 63 5 go 
fans. 80 5 go 
Feb. 1 Bont 10 75 
Feb. 1 Bae 5 ° 


* Killing frosts occurred December 31, 1948, and January 1, 1940. 
** Ice formed on foliage of plants. 


delivery rates of 125 to 200 gal. per acre. Although much less efficient than 
a boom sprayer, it was possible to kill most hyacinths within the effective 
range of the Bean Junior Duplex sprayer (Table XI). The lesser efficiency 
of this sprayer as compared with the boom sprayer may be judged from 
the fact that it required the delivery of at least 50 more gallons of spray 
solution per acre to obtain equivalent coverage of the hyacinth foliage 
(125 vs. 75 gal. or less). Much of this extra spray solution was wasted as 
excessive run-off since uniform coverage was not possible, and the re- 
mainder of the waste was in the form of spray drift which from a 1.0 per 
cent solution was not effective for killing hyacinths. 

In the initial tests with the Bean Junior Duplex sprayer an attempt was 
made to obtain adequate coverage of hyacinths at a delivery rate of roo 
gal. per acre. This rate of delivery was approached when the spraying was 
done from non-obstructed banks, but not in the case of spraying an irregular 
fringe growth of hyacinths from a boat. For example, in one of the tests 
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which involved treating 29 acres of a fringe growth of hyacinths, 3,300 
gal. of spray solution were required or an average of 149 gal. per acre. 

Sprays applied during January caused sinking of all hyacinths when 
2,4-D was applied at the rate of 10 lb. per acre but only go per cent of the 
plants sank after treatment with 5 Ib. of 2,4-D per acre (Table XI). 
The lesser effectiveness of sprays applied to hyacinths with frost-damaged 
leaves (Table XI) is attributed mainly to a reduced transport of applied 
2,4-D. Presumably a lethal dose of 2,4-D was not transported from the 
surface of the leaves into the growing tip of the rhizome. Results of green- 
house tests gave support to this view. For example, one set of hyacinths 
grown in the greenhouse was subjected to —5° C. for 8 hours on each of 
two successive days and transferred to the greenhouse during the interven- 
ing period of 16 hours. After the plants had thawed at the end of the 
second low temperature period, they were sprayed with 2,4-D. In one case 
the entire browned aerial portion and in another case only the leaves were 
sprayed. When the leaves, but not the tip of the rhizome, were sprayed, 
the plants recovered in four days by sending out new leaves from the 
rhizome, as in the case of similar plants not sprayed. Spraying the tip of 
the rhizome which was held above the water surface, as well as all leaves, 
resulted in death of the plants in 11 days. 

Results similar to those just described were obtained with ice-coated 
hyacinths transferred from a pond to the greenhouse (Yonkers, N. Y.) 
after two days of freezing temperatures under natural conditions in late 
November. In this case the frost damage was more severe, killing all foliage 
and roots, and causing them to turn black. The frozen plants recovered in 
13 days by sending out new leaves from the tip of the rhizome. The frozen 
plants which were sprayed with 2,4-D recovered also since in this case 
the growing tip of the rhizome was one inch under water where it could not 
be contacted by the spray. These results show not only that hyacinths can 
tolerate freezing temperatures for 48 hours but also that applied 2,4-D is 
not transported in a lethal dose from frost-damaged leaves into the grow- 
ing point of the rhizome. Thus it appears unlikely that a 2,4-D spray 
applied to hyacinths immediately after a killing frost would contact the 
rhizome tips of a sufficient percentage of the plants to constitute an effec- 
tive treatment. The 2,4-D spray treatment should be delayed until a 
substantial amount of regrowth is seen, which would require a week or 
longer depending upon the severity of the frost damage and weather con- 
ditions thereafter. 

Tests with a gun nozzle equipped with a 16/64 inch tip and operated by 
a Bean Royal 35 pump were started in June, 1949. The effective range of 
this sprayer varied from 15 ft. at a speed of 3 m.p.h. to about 50 ft. at r 
m.p.h. The relation between concentration of 2,4-D, rate of application, 
rate of delivery, and the speed of spraying are shown in Table XII. The 


1950] HITCHCOCK ET AL.—WATER HYACINTH AND 2,4-D 1i3 


approximate minimum requirements for effective spraying with the Bean 
Royal 35 sprayer were 0.6 per cent 2,4-D, a delivery rate of 150 to 200 
gal. per acre, an application of about 8 Ib. 2,4-D per acre, and a spraying 
distance ranging from 15 ft. at a speed of 3 m.p.h. to about 50 ft. at a speed 
of 1 m.p.h. In these tests (Table XII) a 0.12 per cent solution of 2,4-D was 
ineffective for eradicating hyacinths. Respraying with 0.12 per cent 2,4-D 
after 56 days was also ineffective. 

Attempting to secure effective sinking of hyacinths by applying low 
concentrations (0.12 to 0.3 per cent) at delivery rates substantially higher 
than 200 gal. per acre were not successful since only about 25 per cent of 


TABLE XII 


RELATIONSHIPS BETWEEN CONCENTRATION OF 2,4-D, RATE OF APPLICATION, RATE OF DE- 

LIVERY, AND SPEED OF SPRAYING WHEN THE SpRAYS WERE APPLIED TO HYACINTHS WITH A 

TRIGGER TyrpE BEAN GUN (16/64 TIP) OPERATED BY A BEAN RoyaL 35 Pump ADJUSTED 
TO DELIVER 15 G.P.M. aT A PRESSURE OF Isc LB. P.S.I. 


: Percentage of plants sunk | Percent- 
Acres. | Concn:,; Gal. | Lb. per Spraying after days lice age re- 

treated q% | per acre the growthin 

acre ng 80 98 112 112 days 
Deg 1.2 154 15 AO 20 go 100 ° 
0.8 Tee 122 12 Tet ste) 25 85 ° 
0.5 0.6 196 | 10 0.9 80 (ele) 100 ° 
F3 0.6 154 8 iPesfe) 20 4c 100 ° 
0.5 Cs 266 if 0.5 5 Teh 25 ° 
ct) O:3 200 5 On7 5 10 25 ° 
T.05 0.12 3c0 3 0.7 Io Io 20 25 


the plants sank in 112 days (Table XII). The limitation in this case would 
appear to be the quantity of 2,4-D deposited on the hyacinths. For exam- 
ple, when 5 lb. of 2,4-D were applied in 200 gal. of water to one acre of 
hyacinths, the actual quantity of 2,4-D retained by the foliage would be 
less than 5 Ib. per acre by the amount in the run-off solution which is con- 
sidered a total loss. Increasing the rate of delivery to 266 gal. per acre 
would increase the quantity of solution lost by run-off without increasing 
the deposit of 2,4-D left on the foliage. Similar results were obtained with 
a four-nozzle boom in which case 57 gal. of spray solution per acre gave 
adequate coverage of hyacinths growing in the experimental pits (1, p. 
381). The percentage of plants sunk was not increased by the use of 70 
gal. of the same concentration of 2,4-D. 

In June, 1940, the first tests were carried out in which a new type of 
off-center one and one-quarter inch Teejet nozzle was used, which is re- 
ferred to hereafter asa TOC jet. By using nozzle tips with different orifice 
sizes the rate of delivery could be varied from about 15 to 175 gal. per 
acre when the nozzle was held at a height of 4 ft. The effective spraying 
range varied from 8 ft. for the smallest size tip (No. 20) to 30 ft. for the 
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large-size tip (No. 150) when operated with a Porto Pump equipped with 
an adjustable valve for regulating the output according to the nozzle 
requirements and at a ground speed of 3 m.p.h. (Table XIII). The largest 
size tip (No. 300) furnished by the manufacturer was not used. 

The TOC jet No. 150 delivered a flat spray which was equivalent in 
coverage to that delivered by a conventional boom containing from 20 to 
25 one-fourth inch Teejet nozzles. With TOC jet No. 150 uniform killing 
of hyacinths over a distance of 30 ft. was accomplished by delivering 8 Ib. 


TABLE XIII 


EFFECTIVE SPRAYING RANGE OF TOC Jets WHEN OPERATED BY A Porto PUMP WITH 
tHE By-Pass VALVE SET AT 75 LB. P.S.I]. AND THE SPRAYER MOVED AT 
A SPEED OF 3 M.P.H. 


N f D Distance Percentage 
‘TOC Output, ae Lb. per | effectively Marginal of hyacinths 
eR g.p.m. ee acre sprayed, drift killed after 
jet Ae tite 42 days 
6.36 3 20 None 50 
150 12 0.7 5 25 None TOO 
Mock 8 30 None 100 
80 Ui nay 9 15 None 100 
DH 5 iy None 100 
40 2) is I.4 5 10 Moderate 100 
BAe 12 ie) Slight 100 
20 Pa DA. 4 8 Pronounced go 
3.6 9 8 None Ico 


2,4-D in 75 gal. of solution per acre at a spraying speed of 3 m.p.h. (Table 
XIII). Equivalent killing over a distance of 25 ft. by means of spray de- 
livered from a Bean Junior Duplex sprayer required the delivery of 8 Ib. 
of 2,4-D in 150 to 200 gal. of solution per acre at a pressure of 400 Ib. p.s.1. 
and at a spraying speed of about 0.5 m.p.h. When the Bean Royal 35 
sprayer delivered 8 Ib. of 2,4-D in 150 to 200 gal. of solution per acre at a 
pressure of 150 lb. p.s.i. and a spraying speed of 1 m.p.h., hyacinths were 
killed over a distance of about 50 ft. These results show that a TOC jet 
is considerably more efficient than a gun-type sprayer. 

For any type of sprayer the effective range for killing hyacinths is 
determined by the dose of 2,4-D as well as by the output in g.p.m. for a 
given nozzle. For example, when TOC jet No. 150 with an output of 12 
g.p.m. was moved at aspeed of 3 m.p.h., the effective range was reduced 
from 30 ft. to less than 20 ft. if the quantity of 2,4-D was decreased from 
8 Ib. to 3 lb. per acre (Table XIII). At a spraying distance of 20 ft., 3 lb. per 
acre of 2,4-D killed only 50 per cent of the hyacinths and consequently 
the treatment was not effective. 
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Since several different types of spray nozzles were used, it was necessary 
to calibrate each one so as to determine the proper output requirements 
for delivering the type of spray desired. The following formula proved 
useful in checking changes made in spraying equipment and in designing 
tests which involved the variation of one or more of the factors repre- 
sented: 
gal. per acre X width of sprayed area in ft. X speed in m.p.h. 


g.p.m. = 
495 

The constant 495 is the time in minutes required to spray an area of one 
acre, in the form of a strip one foot in width, at the rate of 1 m.p.h. Best 
results were generally obtained with spray equipment which operated at 
pressures of 150 lb. p.s.i. or less. Higher pressures caused excessive spray 
drift and a waste of solution. Spray drift or an atomized spray was not 
effective for killing hyacinths unless applied in relatively high concentra- 
tions, for example, 20 per cent or higher. 

Results obtained in a large borrow pit. In April, 1949, the lower borrow 
pit had a fringe growth of hyacinth and alligator weed about 30 ft. wide 
and 7 to 8 miles long with a total area of about 29 acres. Alligator weed 
occurring in scattered patches occupied about a fifth of the total fringe 
area, being concentrated particularly in shallow water around the entrance 
of two canals from which most of the alligator weed had come, and also 
at the south end. The initial treatment in April consisted of applying a 
1.2 per cent solution of the 2,4-D amine salt at the rate of about 150 gal. 
per acre with boat-mounted equipment. This, together with follow-up 
patrol maintenance sprays applied in June, resulted in sinking all plants of 
both species by July 28 (5, p. 77). The faster sinking of alligator weed in 
the borrow pit as compared with its slower sinking in the experimental 
pits is attributed to the greater disturbance by wind and water currents 
and the greater depth of water in the borrow pit. However, at the time of 
the second treatment the alligator weed constituted 95 per cent of the float- 
ing material, so that it sank at a slower rate than the hyacinths. 

Eradication of alligator weed in small canals. Several small canals ran 
through the swamp lying between the upper and lower guide levees of 
the Spillway area. Two of these canals leading into the north end of 
the lower borrow pit were covered with a rank growth of alligator weed 
which was the main source of supply of this species for the infestation 
of the borrow pit previously mentioned. These canals were 50 to 100 
ft. in width with a narrow channel 6 to 8 ft. deep running through the 
center. In many places high mud shelves extended from the canal banks 
to the edge of the channel where they dropped off sharply. The shelves 
were covered with alligator weed anchored for the most part directly 
in the mud but in some cases under a layer of water varying in depth 
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from an inch to more than a foot. In other places the floor of the canal 
sloped gradually away from the outer margin without ending in vertical 
banks along the central channel. Although the alligator weed extended 
across the central channel in many places, the submerged stems were not 
dense enough or sufficiently anchored to prevent the passage of a rowboat. 

The first treatment of t.0 per cent 2,4-D applied from a boat caused 
killing of the tops of alligator weed throughout most of the sprayed area. 
Mats of alligator weed extending into the channel from the high mud 
shelves were first to become dislodged, and these were followed by mats 
breaking away from the main banks. The dislodged mats either sank in 
the deep water of the channel or were carried away by wind and water 
currents. Groups of submerged stems also broke away from the main mass 
as a result of wind and current action on stems made brittle by the 2,4-D 
treatment. Plants anchored to the bottom in shallow water grew again 
from the submerged stems or from stems which became exposed after a 
drop in water level during the dry season. Much of the alligator weed 
which grew from stems anchored originally under shallow water was left 
stranded on the exposed mud surface when the water level dropped several 
feet. This type of growth was readily killed by the second application of 
2,4-D. A third application of 2,4-D was necessary to cause sinking of the 
small amount of floating material which was caught in snags along the 
main banks of the canal. Clearing of these two canals required six months 
and the use of three sprays. It is doubtful whether this could have been 
accomplished without the aid of a substantial drop in water level after 
the initial spray was applied. In fact, the success of practical control opera- 
tions in many cases depended upon the proper correlation of chemical 
treatments with changes in water level in the borrow pits and canals. 


CALIBRATION OF THE HELICOPTER 


In order to determine the width effectively covered by spray delivered 
from the Bell 47-D type helicopter, tests were carried out in which the 4o 
per cent 2,4-D amine salt was sprayed from altitudes of 10 to 8o ft. at an 
air speed of 30 m.p.h. The helicopter boom was equipped with 54 nozzles 
for this series of tests. The approximate effective killing ranges were as 
follows: 60 ft. at a 1o-ft. flying height, 80 ft. at a 20-ft. flying height, 110 
ft. at a go-ft. flying height, and rqo ft. at an 8o0-ft. flying height. Killing 
of the foliage of alligator weed was used as the criterion of the width 
effectively covered (5, p. 82). On the basis of these results calibration curves 
were constructed to show the relation between width effectively covered, 
rate of applied 2,4-D per acre, and the number of nozzles needed for deliver- 
ing 2 gal. of spray solution per acre (Fig. 7 A and B). For example, if the 
spraying width is 140 ft., the full quota of 82 nozzles would be required to 
deliver 8 Ib. 2,4-D per acre (Fig. 7 B). If the spraying width is 70 ft., the 
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nozzles, each delivering 0.20 g.p.m., required to apply a given quantity of 2,4-D ona given 
width when the helicopter delivered 2 gal. of spray solution per acre at an air speed of 30 
m.p.h. 


requirements would be 42 nozzles and a flying height of 15 ft. in order to 
deliver 8 lb. of 2,4-D per acre. In this case the use of 82 instead of 42 
nozzles would result in twice the rate of application (15.6 lb. per acre) and 
consequently a waste of about 8 Ib. of 2,4-D per acre. Conversely, attempt- 
ing to spray a width of 70 ft. by flying at an altitude of 80 ft. with the use 
of 42 nozzles would result in the application of 4 Ib. of 2,4-D per acre. 
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Although 20 per cent 2,4-D was effective for killing hyacinths, no con- 
ditions were encountered which would justify carrying the extra water in 
20 per cent 2,4-D. Practical control of hyacinths and alligator weed by 
means of 2,4-D applied with a helicopter is dependent upon the quantity 
of 2,4-D applied per acre and not the concentration of the chemical. Thus 
it is more economical to carry 25 gal. of 4o per cent 2,4-D since twice the 
area can be covered or the same area can be covered in half the time as 
compared with using 20 per cent 2,4-D (Fig. 7). It is to be noted that 70 
ft. is the maximum width which can be covered with an 8 lb. per acre dose 
of 2,4-D when applied as a 20 per cent solution (Fig. 7). 

Measurements for the effective spraying widths shown in Figure 7 for 
killing foliage of alligator weed approximate those obtained by Roth of 
the Bell Aircraft Corp. for killing insects (3), namely, at an air speed of 
30 m.p.h. the effective spraying width was too ft. at altitudes of 20 to 25 
ft., a 60 ft. coverage at an altitude of ro to 12 ft., and a 45 ft. coverage 
at altitudes of o to 5 ft. The mass average diameter of the droplets pro- 
duced by the whirl jet B-1 nozzle was about 250 microns. No difficulty in 
spraying in cold weather was encountered when the viscosity of the 
spray solution had a Saybolt reading less than 70 to 75 seconds at 100° F. 
Other pertinent suggestions made by Roth are that in spraying close to 
trees a reduction in forward speed would give greater downwash and more 
lateral roll into the overhanging tree boundaries, that placing of nozzles 
at right angles to the air flow gives more uniform distribution of the spray 
when 40 nozzles or less are used, and that less than 20 nozzles should be 
located on the outside two-thirds of the boom, leaving the first four bosses 
closest to the tail assembly without nozzles. These suggestions apply to the 
use of half the total number of nozzles on each of the two boom sections 
located on either side of the tail assembly. Another suggested method of 
reducing the number of nozzles by one-half is to use only one of the two 
boom sections, cutting out the other section by a shut-off valve located be- 
tween the boom section and the solenoid valve. 


RESULTS WITH HELICOPTER SPRAYING 


For the tests carried out in July, 1949, the helicopter boom was 
equipped with 66 nozzles, each delivering 0.2 g.p.m. at a pressure of 45 
Ib. p.s.1. or a total output of 13.2 g.p.m. The spraying speed was 30 m.p.h. 
and the flying height varied in different tests from ro to 8o ft. Triethanol- 
amine salt of 2,4-D was used at a concentration of 20 to 40 per cent and 
applied at an estimated 2 gal. per acre. Both hyacinth and alligator weed 
were included in the tests. 

Test 1. The upper borrow pit was 3.5 miles long, 400 to 500 ft. wide, 
and up to 50 ft. deep with a total area of about 125 acres, which was 
covered with a densely-packed growth of hyacinths (Fig. 8 A). Ten loads 
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Ficure 8. A. Hyacinths in upper borrow pit located on the Bonnet Carré Spillway 


Reservation being sprayed with 40 per cent 2,4-D from a Bell 47-D type helicopter July ro, 
1949. B. Air view of same area of the upper borrow pit taken seven weeks later showing 90 
per cent of the area cleared and only a narrow remaining fringe composed of hyacinths not 


contacted by a lethal dose of the spray and dead plants which had not yet sunk, 
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of 25 gal. each of 40 per cent 2,4-D were applied from a height of 10 ft. 
in 2.5 hours. No attempt was made to treat hyacinths along the irregular 
margins which, as was learned later, would necessitate flying above the 
trees that overhung the banks. When flying at a speed of 30 m.p.h. close 
to the trees along the banks, there was not sufficient lateral roll of the de- 
livered spray to move in under the trees, so a strip of hyacinths along each 
bank was not treated with a lethal dose of 2,4-D. Additional hyacinths 
escaped being treated with a lethal dose as a result of the successive routes 
by the helicopter not being close enough together. As was learned in later 
tests, a flying height of 30 to 4o ft. would have given better and more effi- 
cient coverage. Intermittent showers occurred through the course of the 
test and during the remainder of the day. 

Uniform browning of the hyacinth foliage occurred in 30 minutes when 
no rain fell in that period. The discoloration was delayed as much as 24 
hours when rain fell in 5 to 15 minutes after treatment. In the case of an 
operation lasting all day, browning of the hyacinth foliage could be used 
as a guide by the pilot for determining the area adequately covered, pro- 
vided rain did not fall within 30 minutes after treatment. In spite of the 
areas of hyacinths which appeared not to have been adequately covered 
and the interference caused by intermittent showers, the treatment resulted 
in the sinking of about 90 per cent of the hyacinths (Fig. 8 B). The final 
patrol maintenance spray applied with boat-mounted equipment in 
November resulted in the sinking of all remaining hyacinths in the borrow 
pit. 

Test 2. A section of the upper guide levee canal, 0.8 mile in length, 
where trees lined both banks, was selected for determining the relative 
effectiveness of applying a 40 per cent 2,4-D spray from above the tops 
of the overhanging trees which, in this case, was about 80 ft. The average 
width of the canal was 60 ft. and the depth 6 to 8 ft. Heavy rain fell ten 
minutes after the spray was applied. 

Complete killing and sinking of all hyacinths in the treated area by 
October 30 showed that the 2,4-D spray falling through the opening be- 
tween the two rows of trees settled downward and also outward through 
the foliage of the trees with the result that all hyacinths from bank to bank 
were thoroughly covered. This is one of the few cases in which all plants 
were killed by the first spray so that a second spray was not needed. Foliage 
of willow (Salix sp.), poplar (Populus sp.), sycamore (Platanus sp.), and 
cypress (Taxodium distichum [L.] Richard.) was badly damaged or killed 
on the canal side of the trees, but not on the opposite side. Cypress devel- 
oped a new crop of leaves one month later. There was no noticeable dam- 
age to foliage at a distance of 25 ft. or more from the banks of the canal. 

Test 3. A borrow pit having an area of 21 acres and a depth of 40 to 50 
ft, had been covered with a dense growth of hyacinths for four years with 
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the result that a flotant had formed which was 4 to 5 inches in thickness. 
A 20 per cent solution of 2,4-D was applied at a height of 10 ft. during a 
period of intermittent showers. The hyacinths required a much longer time 
to sink than in the previous two tests. Three factors operated against the 
sinking of hyacinths within three months, namely, a lower concentration 
of 2,4-D, intermittent showers, and the presence of a hyacinth flotant. 
The final spray applied in less than half a day from a small boat on Novem- 
ber 28, resulted in the sinking of all hyacinths by the next observational 
date on January 13, 1950. 

Test 4. The lower guide levee canal was 3.5 miles long, 60 to 75 ft. 
wide, and 6 to ro ft. deep. Tall trees up to 100 ft. in height lined the swamp 
side of the canal and short trees 50 ft. or less in height, mostly willows, 
were widely scattered along the opposite levee bank. The canal was cov- 
ered with a dense growth of hyacinths except at the south end where a 
solid stand of alligator weed occupied a distance of about 500 ft. One- 
third of the length of the canal was sprayed with 40 per cent and the 
remainder with 20 per cent 2,4-D applied from a height of 40 to 8o ft. 
The helicopter flew off center toward the levee bank so that equal coverage 
was not attained along the opposite, swamp side of the canal. 

Reduction in the rate of killing and sinking resulted from a sudden 
change in flying height from 40 to about 8o ft., from lowering the concen- 
tration of 2,4-D from 4o to 20 per cent, and from rain falling ten minutes 
after treatment. Regardless of these adverse effects on the rate of sinking, 
most of the hyacinths and also the alligator weed eventually sank. The 
few remaining plants were eradicated by a second treatment with 1.0 per 
cent 2,4-D applied November 28 with a Hudson Junior sprayer, operated 
from a small boat. This operation required less than half a day. The canal 
was completely clear by the next observation date, January 13, 1950. 

Test 5. Long Island Bayou was about 5 miles long, 50 to 75 ft. wide, 
and relatively shallow, being generally less than 5 ft. deep but deeper at 
the upper end than at the lower end. Alligator weed covered the entire 
width of the bayou in many places and occurred as a fringe growth in other 
places. In the deeper portion, the alligator weed was anchored mainly 
to the banks, whereas in the more shallow portion plants were anchored 
to the bottom as well as to the banks. Forty per cent 2,4-D was applied 
at a flying height of about to ft., a total of 120 gal. being used for this oper- 
ation. The rate of application was estimated to be about to Ib. of 2,4-D 
per acre. 

Within one month after treatment, all of the alligator weed in the upper 
deeper portion of the bayou became dislodged from its anchorage and either 
sank or was carried out by tidal currents into the Gulf of Mexico. Although 
the tops of alligator weed were killed to water level in the lower portion 
of the bayou, there was no substantial reduction of the submerged mass of 
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stems that was anchored to the bottom. New shoots grew from the sub- 
merged stems at a slow but steady rate until at the end of nine months the 
growth in the shallow end of the bayou was about the same as it was origi- 
nally. A second spray of 2,4-D was not applied to this area. 

Test 6. Alligator weed growing in the Delta marshes represents a special 
type of growth not found on the mainland. Periodic deposition of silt had 
buried the stems of alligator weed to a depth of a foot or more, so that 
when the plants were killed to ground level by an application of 2,4-D, a 


TABLE XIV 


RELATIVE EFFECTIVENESS OF DIFFERENT CONCENTRATIONS OF THE 2,4-D AMINE SALT 
WHEN ApPLIED BY HELICOPTER TO HyAcINTHS GROWING IN A CANAL. RESULTS 
EXPRESSED AS THE PERCENTAGE OF PLANTS SUNK IN 76 Days 


Concne Estimated Ib. EN CHVG CONG 188 Plants sunk, 
% per acre e 0, es oO 
4) 
40 8 99 100 
20 4 95 98 
10 2 85 10 
5 I 85 5 


* Diluted on volume basis. 


vigorous regrowth from the buried stocks occurred in one month after 
treatment. It seems unlikely that this type of growth can be eradicated by 
means of 2,4-D sprays. 

Test 7. A tree-lined portion of the canal along the Airline highway was 
selected for applying 5, 10, 20, and 4o per cent 2,4-D by helicopter to a 
bank-to-bank growth of hyacinths. The width of the canal was 60 to 8o ft. 
and the depth 8 to ro ft. Each concentration of 2,4-D was applied to a sec- 
tion 0.5 mile long from a height of 30 ft. The flight was made down the cen- 
ter of the canal which resulted in the spray covering a minimum width of 
too ft. Forty per cent 2,4-D caused sinking of all hyacinths. These results 
are comparable to those obtained in Test 2 where a single treatment caused 
sinking of all hyacinths when the helicopter was flown over the tree tops 
at a height of 80 ft. The 20 per cent application of 2,4-D caused sinking 
of all except a few hyacinths located underneath the overhanging trees, 
but the lower concentrations of 5 and ro per cent caused only a small 
amount of sinking (Table XIV) with the result that regrowth occurred 
throughout the treated area. Hyacinths treated with 40 per cent 2,4-D 
sank at a faster rate than those treated with 20 per cent. 


HYACINTH FLOTANTS 


When hyacinths become tightly packed in a confined area where no 
lateral movement can occur, a matted layer one inch or more in thickness 
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is formed from old leaves and roots. This type of growth in deep water is 
here referred to as a hyacinth flotant and is to be distinguished from a sim- 
ilar growth in shallow water where the roots of hyacinths grow into solid 
matter on the floor of the waterway with the result that the water under 
the matted growth is not deep enough for the submergence of the mat. 
Hyacinth flotants up to about five inches in thickness were observed 
under natural conditions. In one case an area of 21 acres of water 50 ft. 
in depth had been covered with a jammed growth of hyacinths for four 
years. The thickness of this flotant was four to five inches. Thin flotants 
were formed in the experimental pits where the hyacinths remained undis- 
turbed for six months or longer in a densely-packed mass. The term ‘‘flo- 
tant’’ is used in a modified sense to apply to floating hyacinth mats, and 
not in a general ecological sense as used by Penfound and Earle (2). 

Sinking of a hyacinth flotant was accomplished by treating the plants 
with an effective dose of 2,4-D as in the case of hyacinths which grew under 
conditions in which lateral movement could occur. However, there was a 
considerable difference in the time for all hyacinths to sink, the flotant 
growth requiring about 40 days longer. Sinking of a treated hyacinth 
flotant was hastened by mechanical disturbance of the water such as oc- 
curred with the passage of a boat through the area. 

In some cases, as, for example, in Lake Labranche, the water was 
deep in the center and shallow at the margins and for a considerable dis- 
tance inward from the banks. The entire surface of the water except for 
the deeper central area was covered with hyacinths. Treatment of the 
entire lake area with 2,4-D caused sinking of the flotant in deep water 
before the dead mass of marginal plants had disappeared. The marginal 
mat of dead hyacinths eventually disappeared by a successive breaking 
away of the material from the inner edge since there was not a sufficient 
depth of water underneath for the dead material to sink in large masses. 
These results indicate that if a waterway is uniformly shallow enough for 
the roots of all or most of the hyacinths to grow into solid matter under- 
neath, treatment with 2,4-D might not cause sinking of the dead plants. 
This type of growth is not to be confused with a marginal growth of hya- 
cinths when all roots of the plants are growing in wet soil as a result of the 
plants being stranded when the water level declines. Hyacinths growing in 
soil were killed more readily than those with roots in water (1, p. 369). 

Treatment of a hyacinth flotant in the experimental pits caused killing 
and disintegration of the foliage with the result that much of the surface 
of the flotant was exposed for a period of two to three weeks before sinking 
occurred. If the flotant remained exposed for three weeks or longer during 
the summer months, many seedling hyacinths appeared. Most of the seed- 
lings were carried down with the flotant when it sank. The longer the sur- 
face of the flotant remained exposed, the greater the number of seedlings 
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which appeared and the greater the number which survived (Table XV). 
When 2,4-D was applied to the hyacinth flotants in experimental pits dur- 
ing the period May through July, seedlings appeared in 55 to 77 days after 
treatment. Since an 8 lb. per acre dose of 2,4-D caused the flotant to sink 
within three months (Fig. 1 B), relatively few seedlings appeared in this 
time and few or none survived (Table XV). Less effective treatments 
resulting from lower doses of 2,4-D or from interference by rain, permitted 
the survival of a substantial number of seedling hyacinths (Table XV). 
When a flotant was not present at the time of treating the hyacinths, 


TABLE XV 


INFLUENCE OF HyAcCINTH FLOTANT FORMED IN PITS BEFORE TREATMENT ON SURVIVAL OF 

SEEDLINGS WHICH APPEARED 65 TO 70 DAYS AFTER MAY OR JUNE TREATMENTS THAT 

KILLED ALL OF THE ORIGINAL PLANTS, THUS EXPOSING THE SURFACE OF THE FLOTANT TO 
Licut AND H1iGH TEMPERATURES 


Area No. days after | No. days surface | Maximum num- Number of 
treated, treatment of flotant re- ber of seedlings seedlings 
sq. ft. flotant sank mained exposed observed* surviving 
3600 84 &-19 1S 3 
1800 96 20-4¢ 180 69 
1800 129 50-80 3800 391 


* At any one count. 


none was found as a result of applying 2,4-D to plants in the experimental 
pits or in the large waterways. Practically all navigable waterways and 
all important drainage canals in Louisiana are worked on or disturbed fre- 
quently enough to prevent the formation of flotants. Conditions favorable 
for the germination of hyacinth seed and for the growth of young seedlings 
seldom occur in nature (1) so that there is no substantial reinfestation 
from a seedling source. Even if seedling hyacinths germinated after an 
initial treatment with 2,4-D, they would be killed by a patrol maintenance 
spray. Young seedling hyacinths proved to be more sensitive to 2,4-D 
than mature plants, most of which developed as offshoots. 


PRODUCTION OF SEEDLING HYACINTHS UNDER NATURAL CONDITIONS 


The rapid spread of hyacinths throughout the waterways of Louisiana is 
mainly due to vegetative propagation by means of offshoots, even though 
seed formation reaches fantastic numbers each year. The fact that seedling 
hyacinths are seldom seen growing under natural conditions led to a study 
of the requirements for germination of the seed and for growth of the 
young seedlings. Results of greenhouse tests carried out from December, 
1948, to February, 1949, showed that temperature was the principal limit- 
ing factor for germination of hyacinth seed after it had passed through a 
dormant period of about two months in water or in a moist medium (1). 
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Hyacinth seed in shallow water germinated in one to two weeks when the 
temperature of the water was 28° to 36° C. during the main part of the 
day and about 21° C. during the night. The seeds also germinated on a 
thin layer of water-saturated soil in a Petri dish in the greenhouse. 

In view of the fact that hyacinth seed is heavier than water and much 
of the seed would sink to the bottom of the water in which the seed was 
discharged, it was of interest to know whether the seed could germinate 
under at least a foot of water as well as under water only a few inches in 
depth. Tests carried out in August, 1949, in the greenhouse showed that 
hyacinth seeds from the same collection previously used (November, 1948) 
gave 100 per cent germination in four days when covered with 16 inches 
of tap water in a clear glass cylinder. Lower percentages of germination 
were obtained in shallower water. On the basis of 25 seeds each, the per- 
centage germination for seeds under 1, 4, 8, 12, and 16 inches of water 
was 40, 60, 72, 72, and Ioo per cent respectively. The corresponding vol- 
umes of water were 26, 104, 208, 320, and 1185 ml. Water temperatures 
fluctuated each day from 20° to 25° C. at 8:30 a.m. to 44° to 47° C. dur- 
ing the period 11:30 a.m. to 4:00 p.m. Since the rate of germination 
increased with increasing volume and depth of water, it would appear that 
the favorable effect in the larger volumes of water was due to a lag in 
temperature decrease each night. Hyacinth seed under six inches of water 
in a brown glass bottle gave 28 per cent germination in three weeks. The 
reason for this difference is not understood since it was shown by Pen- 
found and Earle (2) that scarified hyacinth seed germinated in darkness. 
The production of hyacinth seed during 1948 and 1949 was observed to 
occur under natural conditions on a tremendous scale, so that failure to 
produce seed, as in the case of alligator weed, cannot account for the 
scant production of seedlings in nature. 

After germinating, the hyacinth seedlings showed little or no increase 
in size when floating on tap water with or without soil in the bottom of the 
container. If the young seedlings were transferred to water-saturated soil, 
they grew rapidly up to the stage where two or three float leaves were 
formed, and thereafter the growth was much better when the seedlings 
were transferred to water having soil underneath (1, 2). About 30 days in 
soil were required for a newly germinated seedling to reach the stage where 
it could grow as a typical floating plant at a much faster rate than in soil. 
At the end of about 60 days when the seedling was three to four inches in 
diameter, offshoot formation started and continued at a rapid rate, 50 
offshoots being formed in 30 days. 

Having determined the importance of a relatively high temperature 
for the germination of hyacinth seed and the importance of a soil medium 
in the growth cycle of the young seedling under greenhouse conditions, 
an attempt was made to determine to what extent these factors were 
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involved in limiting the production of seedling hyacinths under natural 
conditions. During 1948 not a single seedling hyacinth was observed in 
open water or at the margins of any fringe growth of mature plants in the 
borrow pits and canals in the Bonnet Carré Spillway reservation. Of the 
many thousands of hyacinths transferred from these areas to the experi- 
mental pits none appeared to have seedlings entrapped in the crowns or 
in the root systems. The only place where seedlings were observed was 
on an exposed part of a floating mat where the adjacent plant population 
was composed of many other species besides hyacinths. This growth was 
not typical of that found on the navigable waterways. 

Temperature records were taken of the water at or near the surface in 
borrow pits and in canals during March through May, 1949. Under a 
typical compact growth of hyacinths the water temperatures were 17° to 
21° C. when the air temperatures were 26° to 31° C. In open water the 
temperatures were 20° to 32° C. during the same period. The temperatures 
around the upper part of the root system or on the wet part of the hya- 
cinth mat which is shaded by the dense foliage were apparently below the 
minimum requirements for the germination of hyacinth seed. In April, 
1949, hyacinth seedlings in all stages of development up to about two inches 
in diameter were found along the wet banks of the experimental pits and 
up to 4 ft. from the edges wherever the soil was saturated with water. How- 
ever, seedlings were not found in the main part of the pit. The water level 
in many of the pits was at ground level and had overflowed the banks as a 
result of frequent rains during April and due to the fact that the Missis- 
sippi River and the water table were high, as is normal for the time of year. 
Presumably hyacinth seed had been carried beyond the edges of the pit 
with organic debris when the pit overflowed. Numerous seedlings were 
also observed along the banks of the lower guide levee canal. 

During May there was little rain and the water level in the pits and 
canals fell 1 to 2 ft. with the result that the seedling hyacinths along the 
banks were stranded in soil which soon dried out and became baked. All 
of the stranded seedlings died from lack of moisture and no new seedlings 
appeared thereafter in these areas. Although the temperatures of the soil 
surface throughout the summer were as high or higher than in the spring, 
a water-saturated condition did not last long enough to support the growth 
of any seedlings which may have started. This is in contrast to mature 
hyacinths and offshoots which lived much longer on the margins of water- 
ways after the water level dropped a foot or more. Seedling hyacinths and 
offshoots of all stages of development growing in soil died much faster when 
treated with 2,4-D than the offshoots having roots in water. The young 
seedlings were killed within a week after being sprayed with 2,4-D. 

All evidence to date indicates that the principal effect of direct sun- 
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light on germination of hyacinth seed is in raising the temperature of the 
moist or wet germinating medium to at least 28° to 30° C. There appears 
to be an abundant supply of viable hyacinth seed in and on the dead or 
partially decomposed parts of hyacinths which forms a mat under the dense 
foliage canopy. In each of several instances when the foliage canopy was 
cleared away by hand, hyacinth seedlings appeared in one to two weeks on 
the exposed wet surface of the mat. Seedlings also appeared on hyacinth 
flotants after a 2,4-D spray had killed the foliage and exposed the wet sur- 
face of the mat but had not caused sinking of the flotant within three 
months from the time of treatment either because the dose of 2,4-D was 
ineffective or because the flotant was in shallow water where it could not 
sink. Thus if the surface of a hyacinth flotant remained exposed for more 
than three weeks, numerous seedlings appeared and a substantial number 
survived (Table XV). If the flotant sank before the seedlings had developed 
to the stage where they could continue growth as a free floating plant, 
they sank with the flotant and did not rise to the surface (Table XV). 
These results emphasize the importance of an initial period of about one 
month’s anchorage in a solid wet medium in the growth cycle of young 
seedling hyacinths. Under natural conditions the factors which prevent 
young seedling hyacinths from surviving appear to be more important than 
factors which prevent the germination of seed. In addition to the adverse 
effect of a lowering of the water level on survival of hyacinth seedlings, 
wild animal life such as fish and muskrats in and around the water de- 
stroyed young seedlings as evidenced by numerous mutilated specimens 
and the disappearance of many seedlings under observation in a confined 
area. 

In contrast to the appearance of hyacinth seedlings in areas cleared by 
hand, none appeared in similar areas cleared by means of 2,4-D sprays. 
Since in most practical control operations a patrol maintenance 2,4-D 
spray would be used in addition to an initial spray, any seedling hyacinths 
which might appear after the first treatment would be easily killed by the 
second spray. Except for the special conditions under which 8 lb. per acre 
of 2,4-D did not cause sinking of all hyacinths within three months, the 
presence of a substantial number of seedling hyacinths on a floating mat of 
dead or partially killed mature hyacinths would be an indication that the 
initial treatment was not effective either because the quantity of 2,4-D 
which contacted the hyacinths was too low or because of interference by 
rain. Seale and Allison (4) reported that seedling hyacinths appeared on 
mats of dead plants after spraying with 1 lb. per acre of 2,4-D by means of 
an airplane. This quantity, however, was found to kill only 62 per cent of 
the plants and according to present standards would be an ineffective 


treatment. 


128 CONTRIBUTIONS FROM BoycE THOMPSON INSTITUTE [VoL. 16 


SUMMARY AND CONCLUSIONS 


Tests carried out in 1948 and 1949 showed the following results: an 8 Ib. 
per acre dose of 2,4-D was effective throughout the year in causing water 
hyacinths to sink in two to three months; the esters of 2,4-D were of about 
equal effectiveness to the amine salt; 2,4-D was more effective than 2,4,5-T; 
the amine salt of 2,4,5-[ was more effective than the isopropyl ester; 
hyacinths were killed more readily in August than in June; it was diff- 
cult in practical control operations to contact all hyacinths with one 2,4-D 
spray and a second spray had to be applied to surviving plants before any 
substantial reinfestation had occurred; and the scant production of seed- 
ling hyacinths under natural conditions plays no important part in the 
rapid spread of this species in Louisiana. 

The rate at which hyacinths sank after treatment with an effective dose 
of 2,4-D depended upon the age of the plants growing in a given location. 
Hyacinths which had been tightly packed in a confined area for six months 
or longer formed a flotant consisting of a dead mat of decaying leaves and 
roots held about the bases of the living hyacinths. The mat increased to a 
maximum thickness of about 5 inches over a period of several years. 
Hyacinth flotants required 30 to 4o days longer to sink than a mat of 
plants which had remained in a tightly packed condition for three months 
or less. A 2 lb. per acre dose of 2,4-D did not cause sinking of hyacinth 
flotants. Fringe growths of hyacinths sank more quickly than any type of 
growth which covered the entire surface of the water. If a hyacinth flotant 
was disturbed as, for example, by the passage of boats, sinking of the dense 
material was hastened. This applied also to floating mats of dead or par- 
tially killed alligator weed. 

Alligator weed exhibited little or no growth and could not survive for 
more than 21 months unless its roots were anchored in soil. Plants anchored 
in soil along the banks of deep bodies of water were observed not to grow 
out into water having a depth substantially over 5 ft. This type of growth 
was easily dislodged and sunk by treatment with 8 lb. per acre of the 2,4-D 
amine salt which also caused sinking of 95 to 100 per cent of the hyacinths. 
When alligator weed in experimental pits was treated with 2,4-D in Sep- 
tember and October, the plants sank at a faster rate than when treated 
during the period March through August. Alligator weed which was sub- 
jected to wind action, water currents, and boat traffic in navigable water- 
ways sank faster at all times of year after treatment with 2,4-D than 
similarly treated plants growing in experimental pits where there was little 
or no disturbance of the water, and where there was an opportunity for 
some of the submerged stems to become anchored in soil at the shallow 
end of the pit. 

If the principal anchorage of alligator weed growing in shallow water 
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was in the bottom, the submerged stems were not sufficiently damaged 
by 2,4-D to prevent a substantial regrowth. However, if the water level 
receded sufficiently during the dry season to expose most of the stems, the 
plants were killed by a follow-up treatment with 2,4-D. Alligator weed 
growing in the marshes of the Mississippi River delta could not be con- 
trolled by 2,4-D since root stocks buried a foot or more under periodic 
silt deposits sent up a new crop of shoots a few weeks after the aerial parts 
of the plants were killed. 

Effective control of hyacinths and alligator weed depended upon the 
proper use of spray equipment for a given set of conditions. Sprays de- 
livered by low-pressure equipment (150 lb. p.s.i. or less) were more effec- 
tive than sprays delivered at pressures above 150 lb. p.s.i. The decreasing 
order of efficiency for sprayers used in practical control operations was: 
the helicopter which delivered 2 gal. of spray solution per acre, the TOC 
14-inch boomjet delivering 75 gal. or less per acre, and the gun-type sprayer 
delivering 150 to 200 gal. per acre. 

Conditions were not encountered in helicopter spraying where the use 
of concentrations of less than 40 per cent 2,4-D would justify carrying the 
extra water. Concentrations of 5 to to per cent 2,4-D were ineffective 
when delivered by helicopter since 2 gal. of the spray solution contained 
1 lb. and 2 Ib. of 2,4-D respectively, which is substantially below the mini- 
mum of about 8 lb. of 2,4-D per acre required for effective control of hya- 
cinth and alligator weed under most conditions. Any width from 20 to 
140 ft. could be adequately covered with 2 gal. of 40 per cent 2,4-D by 
varying the number of nozzles on the helicopter boom and the altitude of 
flying. An air speed of 30 m.p.h. and a flying height of about 4o ft. were 
considered most desirable for spraying large open areas of hyacinths or al- 
ligator weed with 2,4-D. 

Seedling hyacinths appeared along the wet banks of the experimental 
pits, bayous, and canals in April when there were frequent rains and at the 
time of year when the Mississippi River and the water table were high. This 
wet period was followed by a dry period in May which was associated with 
a drop in water level of 1 to 2 ft. with the result that most of the young 
seedling hyacinths were left stranded in dry, baked soil where they died 
from lack of moisture. The high temperatures of water-saturated soil and 
shallow water exposed to direct sunlight were favorable for the germination 
of hyacinth seed. This is in contrast to the temperature of the water at or 
near the surface of hyacinth mats which was below the minimum (28° to 
30° C.) required for the germination of hyacinth seed. When the foliage 
canopy was removed, hyacinth seeds on the exposed section of the mat 
germinated within one week. About 30 days were required for a young seed- 
ling to reach the stage where it could grow as a typical floating plant at a 
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much faster rate in water than in soil. The production of mature hya- 
cinths from seed was limited by unfavorable growing conditions rather 
than by lack of conditions favorable for germination of the seed. 

When chopped hyacinths and chopped alligator weed were thrown into 
the experimental pits, much of the material floated. There was abundant 
regrowth from this material in one month. If the chopped material was 
sprayed with 2,4-D, the segmented hyacinths sank in 23 days and the alli- 
gator weed in 57 days. These results indicate that when saw-boats are 
used to open channels through waterways infested with hyacinths and 
alligator weed, the chopped plants constitute an important source for 
reinfestation, but the material can be controlled with the same treatment 
used to control the intact plants. 

Approximately 500 acres of waterways infested with hyacinths and 
alligator weed were cleared by applying 2,4-D at the rate of approximately 
8 lb. per acre either by helicopter, by boat, or from the shore. The initial 
spray was followed by a second patrol maintenance spray to insure com- 
plete eradication. 
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MECHANISM OF PARTICLE SIZE EFFECTS OF 
PUNGICIDES ON PLAN TXPROTECTION 


H. P. BURCHFIELD AND GEORGE L. McNEw! 
INTRODUCTION 


The activity of 2,3-dichloro-1,4-naphthoquinone? as a foliage protec- 
tant against spores of Alfernaria solani (Ell: & Mart.) Jones & Grout. is 
dependent upon particle size (17). On decreasing the mean radius from 
24.5u to o.45u only one-fortieth as much material is required to maintain 
equivalent blight control. Similar results have been reported for copper 
(7, 9, 20) and sulfur (5, 7, 21) fungicides; so the observation that finely 
divided agricultural preparations give superior performance can be ac- 
cepted as a broad generalization. Qualitatively it is not difficult to see why 
this should be true. Highly fragmented dusts will provide spray deposits 
with large total surfaces from which the toxicant can readily solubilize 
and diffuse into adjoining areas of the foliage surface. Probably more im- 
portant, a large number of particles, if distributed at random, will tend to 
provide uniform protection at all the possible loci of infection. Although 
these generalizations are useful in visualizing the conditions that prevail 
at the foliage surface, they do not provide a satisfactory framework against 
which to correlate the laboratory data, nor do they permit development of 
new concepts beyond the scope of the experimental data. 

An examination of the dosage-response curves obtained with a series 
of Phygon samples with narrow particle size ranges indicated that the 
EDg5 values were inversely proportional to the logarithm of the number 
of particles per unit area of leaf surface over the range studied. Further- 
more, this relationship can be derived analytically if several basic assump- 
tions are made concerning the mechanism of the particle size effect. By an 
extension of this treatment, some tentative conclusions can be made re- 
garding the role of particle size in such diversified problems as persistence 
on foliage, treatment of seed, and the interpretation of dosage-response 
curves. Some of these effects are summarized in this report. 


MATERIALS AND METHODS 


Procedures for the determination of particle size distributions (6) and 
for the isolation of fractions with narrow particle size ranges (2) were the 


1 The writers are indebted to G. E. O’Brien and Delora K. Gullstrom for technical 
assistance and many valuable suggestions, and to the management of the Naugatuck 
Chemical Division, U. S. Rubber Co., where these investigations were made, for permission 
to publish these data. 

2 The active ingredient of Phygon, registered trademark. U.S. Patent 2,302,384 assigned 


to U. S. Rubber Co. 
Copyright, 1950, by Boyce Thompson Institute for Plant Research, Inc, 
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same as those described in previous publications. The mean particle radii 
used in the calculations were determined by counting the number of parti- 
cles per unit volume in a suspension of known concentration in a Levy 
blood counting chamber, and substituting in the equation 7 = (33g/47Nd)'/* 
where ¢ is the radius, V the number of particles, 0 the volume of suspension 
per square, g the grams of solid phase per ml., and d the density of Phygon. 
In some cases the fractions were the same as those described in the earlier 
paper (2); in others, new separations were made. The samples were quite 
homogenous. For example, the 3.57u fraction contained 94.3 per cent by 
weight of the total material in the 3 to su range as calculated from distri- 
bution equations. The scattering of material about the mean varied for 
each individual case, but can be computed readily from a knowledge of the 
range and method of separation. 

Deposits of Phygon on foliage surfaces were determined by a modifica- 
tion of a colorimetric procedure previously described (3). Ten leaflets from 
each sprayed plant were removed and washed with three ro ml. portions 
of acetone to dissolve the chemical. The combined extracts were placed 
in a 50 ml. volumetric flask and the plant pigments bleached out by a 5 
to ro minute exposure to direct sunlight. Five ml. of 1o per cent aqueous 
dimethylamine was then added and the contents of the flask made up to 
volume with additional solvent. Percentage transmission measurements 
were made at 490 my with a Lumetron colorimeter using as a blank a solu- 
tion prepared from the leaves of an unsprayed plant. The weight of Phygon 
was calculated by substitution in the following equation: grams Phygon 
=0.05D/K where D is the optical density of the test solution, and K is the 
specific extinction coefficient obtained on a control sample of Phygon. 

The leaflets were then blotted dry and pressed on an ink pad. Imprints 
were made on paper and the areas determined with a hatchet planimeter. 
In the calculations, the areas were doubled since it was assumed the 
deposits occurred uniformly on both sides of the leaves. 

The photochemical decomposition of Phygon was studied by making 
up solutions in dioxane and acetone at concentrations of 5 X 10~* mol. /liter 
and permitting them to stand in direct sunlight. Ten ml. aliquots were 
withdrawn at intervals and made up to 25 ml. with dioxane, and then 
diluted to 50 ml. with a 0.1 N sodium tartrate buffer containing 0.05 per 
cent gelatin as a maximum suppressor. Measurements were made on a 
Sargent Model XX recording polarograph. The decomposition of the qui- 
none was followed by measuring the drop in diffusion current with time, 
which, according to the Ilkovic equation (10, p. 30-39), is directly propor- 
tional to concentration. 

The ability of Phygon to prevent infection of tomato foliage by Alter- 
narta solant was tested by the method of McCallan and Wellman (rs). 

Seedling emergence tests were made by treating peas (Pisum sativum 
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L. var. Perfection) at doses of 0.25, 0.12, 0.06, 0.03, and o.o1 per cent by 
weight and tumbling the samples in quart jars on a vertical turntable for 
30 minutes at 28 r.p.m. Eight replications of 25 seeds each were sown in 
randomized block arrangement in greenhouse flats filled with naturally 
infested composted soil. The seed was covered to a uniform depth, watered 
heavily, placed in a cabinet at 55° F. for seven days, and then removed to 


a greenhouse at 65° to 80° F. Records on emergence were taken 10 days 
later. 


THE PROBLEM OF COVERAGE 


In a previous publication (17), the ability of various particle size frac- 
tions of Phygon to protect tomato foliage against infection by Alternaria 
solant was illustrated by comparing EDg5 values in parts per million in 
the spray suspensions with particle size ranges. While this demonstrated 
that the finely divided materials were more effective, it did not permit an 


AB tel 


RELATIONSHIP OF CONCENTRATION OF SPRAY MIXTURE TO AMOUNT OF 
DICHLORONAPHTHOQUINONE DEPOSITED ON TOMATO FOLIAGE 


Spray concn., Total leaf area, Micrograms Micrograms Phygon 

p-p-m. cml Phygon perenne. 
160 880 5-5 
169 730 4-3 

960 IgI 820 Awe 
175 960 5-5 
153 870 5-7 
Tee goo San 
187 530 2.8 

480 171 450 Pye) 
153 400 2.6 


accurate analysis of conditions prevailing at the foliage surface. The actual 
amount of fungicide per unit area was unknown, and there was some ques- 
tion whether particles of different sizes would deposit and adhere at equiv- 
alent rates. 

The first factor was evaluated by spraying tomato plants with 1 to 3u 
material at concentrations of 480 and 960 p.p.m. and analyzing the main 
leaflets for residue. Results in Table I show that the deposits were directly 
proportional to concentration. It was found that 1 p.p.m. of fungicide in 
a spray suspension was equivalent to a deposition of 5.40 X10 *yg./cm.” 
on the foliage surface with a standard deviation of 0.51 X10 *ug./cm.” 

Tests made on 1 to 34 and 5 to rou samples sprayed at concentrations 
of 480 p.p.m. on filter paper targets showed no significant differences with 
respect to deposition between the two size classes. Microscopic examination 
and particle counts on effluent and residual suspensions obtained after 
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spraying with a DeVilbiss gun demonstrated that fractionation of the 
material or comminution of the larger particles did not occur. 

On multiplying the EDg5 values given in the preceding paper (17) by 
the deposition coefficient, they are translated into terms of wg. of chemical 
per square centimeter of leaf area. In Table II they are compared to the 


TABLE II 


RELATIONSHIP OF PARTICLE SIZE TO THE AMOUNT OF DICHLORONAPHTHOQUINONE 
REQUIRED FOR 95 PER Cent ConTROL oF EARLY BLIGHT ON TOMATOES 


Amount required for EDg5 
Av. radius of 
particles, microns Spray concn., Deposit, No. of 
p-p-m. ug. /cm.? particles/cm.? 
0.45 52 0.28 446,000 
0.81 64 Ong 5 95,600 
1.48 89 0.48 21,500 
3-57 157 0.85 2,700 
8.326 445 2.40 596 
2 3%) 870 4.70 260 
24.5 2,200 me 118 


mean particle radii computed for the various size fractions. If the particles 
are assumed to be approximately spherical, the number of particles per 
square centimeter leaf area can be computed from 
3G 
4nd 


N= 


(z) 


where G is the EDgs5 in g. per cm.?, 7 is the particle radius in cm., and d is 
the density of Phygon (1.645). 

An interesting relationship exists between the amount of material per 
square centimeter and the number of particles necessary to maintain 95 
per cent disease control with the various size fractions. The 24.5u deposit 
must contain 40 times more material than the 0.45 fraction, yet there are 
4000 times as many of the smaller particles per unit of surface area. This 
situation can be appreciated more readily by reference to Figure 1 in 
which the protective particles and fungus spores have been drawn to scale 
at dosages corresponding to 95 per cent disease control. It is evident that 
the chances of direct contact with large particles are very small and that 
the fungicide must operate from a distance. By decreasing the particle 
size, the toxicant is made more available, and control can be maintained 
with a smaller amount of material. Assuming a random distribution, the 
availability must be a function of the number of particles into which the 
chemical is divided, and it is this conception that provides much of the 
basis for the following discussion. 

On plotting EDg5 values in p.p.m. against the logarithms of the radii 
(Fig. 2) a smooth curve results which shows that the effectiveness of 
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FicurE r. Representative relationship of a spore of Alternaria solani on .ot cm-? of leaf 
area and deposits of dichloronaph thoquinone required to provide 95 per cent disease control 
by particles of radii 0.81 (Ai 1.48-(B), 3-57 (SG), 8.36 (D), 13.0 (E) and 24.5 (F) microns. 
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utilization increases quite rapidly on decreasing the particle size down to 
the 1 to su region, but thereafter the rate drops off and appears to approach 
a limiting value. 

This relationship can be expressed in a quantitative way by plotting 
reciprocals of the doses against logarithms of the number of particles (Fig. 
3). A straight line is obtained which can be expressed by the equation 


Spat Mpeaeeeea (2) 
= LOS, F. Ai 
G : 4nrd : 


This equation states that the amount of material required to maintain 95 
per cent disease control is inversely proportional to the logarithm of the 
number of particles into which it is subdivided. 

For these data, m=4.6 X 10° and g= — 2.4 X 10°. The numerical values 
for slope (m) and position (q) of the line are dependent on the unit of area 
chosen to express EDg5. 

Equation (2) cannot be solved for G since the dose is included in both 
the reciprocal and logarithmic terms; however, the solution for 7 leads to 


3G 1/3 
Ps Loe] (3) 


from which the curve in Figure 2 was obtained. The particle radius at which 
any given dose would provide 95 per cent disease control can be predicted 
by substituting the required values in (3). 

In view of the properties of the regression equation and the errors in- 
herent in the biological test methods, it is evident that a very large number 
of tests would have to be run before this relationship could be confirmed 
or disproved. The good agreement in this case must be to some degree 
fortuitous, since, even with the same data, discrepancies are evident at the 
EDs50 level owing to unexplained variations in the slopes of the dosage- 
response curves. It becomes of interest, therefore, to examine the underly- 
ing assumptions that must be made to derive such a relationship, to deter- 
mine whether it rests on a logical basis. 

The regression equation (2) is approximately satisfied if two fundamen- 
tal assumptions are accepted as describing the effects of particle size on 
the protection of foliage surfaces. These are: first, that the number of par- 
ticles necessary to insure protection of each potential locus of infection 
is constant and independent of the dose, and, second, that on further sub- 
division of a constant weight of material, the rate of change in apparent 
dose with respect to the increase in the number of particles is inversely 
proportional to the number of particles present at the time of the change. 
These assumptions are intuitive, and to justify them it will be necessary 
to examine the premises on which they are based in some detail. 

The first assumption is a simplification of a statistical problem, If an 


138 CONTRIBUTIONS FROM BoycE THOMPSON INSTITUTE [VoL. 16 


area, S, representing the entire foliage surface, is divided into m sub-areas 
each of which is regarded as a potential locus of infection, then particles 
would be required to protect the surface uniformly, providing that they 
could be arranged in an ordered pattern. Actually, the deposit is random, 
and follows a Poisson distribution. In the case of a small number of parti- 
cles the chances are large that some sub-areas will be left unprotected, 
while others contain a superabundance of material, but if the number of 
particles is greatly increased the coverage will become more uniform. Ideal 
distributions can never be realized, and in fact are not required. As a first 
approximation, it is assumed that for any specific substrate-spore-toxicant 
combination, there exists a number of particles, N., which, when applied 
at random, will provide a deposit sufficiently uniform so that variations 
cannot be detected experimentally. This number, N., will be independent 
of the dose providing the particles are small compared to the distances 
between them, for if NV, small particles cover a surface satisfactorily, then 
N, large particles should cover it equally well. 

Consideration of the second assumption requires an explanation of the 
term apparent dose. A material applied to a foliage surface in the form of 
coarse particles would provide less effective disease control than if it were 
first ground to an optimum state of subdivision. It would, however, give 
control equivalent to a smaller amount of the optimum particle size prepar- 
ation. Thus a deposit of 100 ug./cm.? of coarse material might be equiva- 
lent in disease control to only to uwg./cm.? of the fine material. The actual 
dose, G, therefore would be 100 ywg./cm.?, while the apparent dose, A, 
would be 10 wg./cm.? If the number of particles were increased through 
further subdivision of a constant amount of material, the apparent dose 
would increase until it equaled the actual dose as a limiting value. If G 
grams/cm.? of a coarse material were further subdivided with the produc- 
tion of dN new particles, the apparent dose would increase by an amount 
dA owing to better distribution of the material and consequent protection 
of new loci against disease attack. However, the magnitude of the change 
in apparent dose would also be inversely proportional to the number of 
particles present at the time of the change. On an area which contained 
only a few large particles, the production of an additional one would ma- 
terially improve coverage. However, if the number of particles were already 
large, and the surface close to saturation, the production of a single new 
particle at the expense of the entire population would have a relatively 
small effect. Thus the rate of change in apparent dose with respect to the 
number of particles is given by 

dA k 
dN ON @) 


where k is a proportionality constant. When there is only one particle pres- 
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ent per unit of surface, the apparent dose will attain some very small 
value A, depending on the size of the area chosen. Furthermore, as a first 
approximation we may let A, equal the product of the weight of material 
G, and a very small constant e. On integrating (4) between the limits eG 
and A, and N=1 and JN, we obtain 


A =khlog.N + G. (5) 


The number of particles is given by equation (7), and substitution in (5) 
yields 


3G 

A = k log. —— + &. (6) 
4nrd 

When ¢ attains some very small value r,, the effective dose, A, will become 

equal to the actual dose, G, since the greatly increased number of particles 

will give optimum coverage. On applying this condition and solving for 

k, we obtain 


G(1 — «) 
ie eee ae (7) 
3G 
log. 
4rr ed 


G(z — e) 
Se Sapa (8) 
A= 3G log. + 6G 
log. Arr 
4mr3d 


At this point it is necessary to introduce the second of the above assump- 
tions. If the number of particles required to attain optimum coverage is 
constant and independent of the dose, then for any dose a value for the 
radius will exist at which coverage will be perfect; or in general log. No 
=log. 3G,/4mr,d where N, is a constant. 

On applying this restriction to (8) and transposing the terms we obtain 


I | I'—¢ } 3G 4 € (9) 
—s O Vg ae eae tenes 
G A log. No 7 4mred A : 


for cases where log, N Slog, N.. lf the apparent dose A is held constant, 
equation (9) gives the relationship between particle radius and the dose 
required to maintain constant disease control, and on simplification of the 
constants is equivalent to the regression equation (2), 

Thus, by making some simple primary assumptions it is possible to 
arrive at a relationship that will explain much of the experimental foliage 
data. The establishment of a satisfactory regression equation is not by it- 
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self important, for intermediate points in the dosage-response curves could 
be more easily determined by graphical interpolation. However, functions 
derived from it, and the principles upon which it is based, are useful in 
interpreting some of the data presented in the following sections. 


CALCULATED AND OBSERVED PARTICLE SIZE EFFECTS 


Since the amount of Phygon required to obtain 95 per cent disease con- 
trol can be predicted for any particle radius by the use of equation (2), it 
becomes of interest to calculate the theoretical activity of a sample con- 
taining particles of many sizes, and to correlate the results with those 
obtained by tomato foliage tests. For the general case, it can be shown that 
where the particle size distribution curve is described by an analytic func- 
tion dp/dr=f(r) and the relationship of radius to amount of material 
required by ® (7), the EDg5 value for the dust is given by 

I 


L = (10) 
f "% f(r)dr 
Ta, &(r) 


where 7 and 7, are the upper and lower limits of the particle size distribu- 
tion. Since the regression equation is implicit in G, and particle size distri- 
bution functions are usually complex, it is necessary to solve for L by finite 
increments, using the modified form 

ag rb AP; 


Tir ate Gy 


In practice the distribution data are plotted in the form of a histogram in 
I-micron intervals and the percentage of material in each range divided 
by the median value for G of that interval. The reciprocal of the sum of 
the terms for the entire distribution gives the calculated EDg5 value for 
the dust. 

It is usually not possible to make a direct comparison between calcu- 
lated and observed EDg5 values since the level of testing may vary owing 
to variations in response of the spores and plants in tests made at different 
times. However, in experiments which include a control sample, the rela- 
tive effectiveness of a material in comparison to the standard is given by 
Ro=ED95 of standard/EDg5 of sample. Correspondingly, a value for the 
calculated relative effectiveness, R,, is given by the ratio of the values of 
L for the sample and standard determined from equation (17). 

In order to test this relationship, a series of Phygon samples having 
widely different particle size distributions were prepared in a laboratory 
mill. Particle size measurements were made (6), and values for EDg5 and 
relative effectiveness compared to a standard sample computed from the 
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TABLE III 


CONTROL OF BLIGHT ON TOMATO FOLIAGE witH GROUND PHYGON SAMPLES 
HAVING VARIOUS PARTICLE SIZE DISTRIBUTIONS 


Av. Disease control (%) at conen., p.p.m. 

radius, EDos, 

microns 320 160 80 40 20 p.p.m. 
2.3 100 100 100 93-6 84.7 37 
3:5 100 100 99.1 95-9 78.8 42 
3-7 99-9 99.8 94-7 83.6 72.1 60 
5.2 Beele) 99.8 84.5 76.4 50.5 79 
9.5 100 97.8 85.6 67.9 67.9 I0O 


histograms. Tomato plants were then sprayed in duplicate with each of 
the materials at concentrations of 240, 120, 60, 30, and 15 p.p.m. and con- 
trol of Alternarta solani was determined by the usual methods. Leaf blight 
data are shown in Table III. 

Subsequently, additional tests were run under equivalent conditions 
using these and other materials of known particle size distribution. Some 
additional materials had been run against the same standard at previous 
times, and these have been included in the compilation. Because of the 


TABLE IV 


COMPARISON OF CALCULATED AND OBSERVED EFFICIENCIES RELATIVE TO A STANDARD FOR 
PHYGON PREPARATIONS WITH VARIOUS PARTICLE SIZE DISTRIBUTIONS 


Efficiency ratios 
Material Test group © |_—__—_ A 
Calculated Observed 
A I 2.61 2.70 +0.09 
A 2 2.61 2.50 —o.II 
B I Z20 2.38 +o.18 
& I 1.93 TO7 —o.26 
D 5 1.61 1.56 —0.05 
E I 1.39 27 —0o.12 
E Z Peso 1.50 +o0.20 
F 3 T.25 0.93 —0.32 
G 4 1.48 1.78 +0.30 
H 2 1.44 1.30 —0.05 
H 3 1.44 EAR —0.01 
H 4 1.44 1.39 —0.05 
I I E, 02 ope —0o.o1 
J 4 0.96 0.78 —o.18 


complexity of the distribution curves and the many steps necessary to 
convert all the particle size and foliage data to a common level, only the 
calculated and observed relative efficiencies are given in Table IV. Samples 
run at the same time are indicated by the test group numbers. 

When calculated efficiencies were plotted against the observed values 
(Fig. 4), a straight line relationship was obtained with a moderate scatter- 
ing of the points. The equation for the line determined by the least squares 
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method is R,=1.06 R, — 0.126. For ideal correlation, the slope should be 
unity and the position constant zero. While these data confirm the effect 
of particle size on biological activity, they do not necessarily demonstrate 
that the regression curve previously proposed to relate EDg5 and radius 
is correct in detail. Presumably other relationships in which activity is an 
inverse function of radius would also lead to correlation, and it would be 


2.8 


@ Phygon 
Oo 3% Dusts 


2.4 [_] Reference standard=1.0 


2.0 


RELATIVE EFFICIENCY IN DISEASE CONTROL (Ro) 


0.8 
0.8 Ke 1.6 2.0 24 2.8 


RELATIVE EFFICIENCY CALCULATED FROM PARTICLE SIZE DATA (Rc) 


FIGURE 4. Correlation of experimental and calculated efficiencies of several formulations of 
dichloronaphthoquinone with different particle size distributions. 


only by comparison of the correlation coefficients of the various possible 
curves that the best fit could be found, In the meantime, experimental 
errors and conditions beyond experimental control on the foliage surfaces 
would tend to overshadow these differences. 

At the time these tests were carried out, it was assumed that vari- 
ations in plant and spore viabliity were mainly responsible for the fact that 
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calculated EDo5 values tended to be considerably higher than those ob- 
tained on foliage data. 

The blight control tests with the particle size fractions were run in a 
single group. The composite materials were tested subsequently at various 
intervals over a six-month period. During this time, infection became 
lighter and EDgs5 values for the standard sample varied by as much as 50 
per cent. However, a re-examination of the data indicates an average differ- 
ence of 65 per cent in calculated as compared to observed values. While the 
evidence is not conclusive, it appears that a synergistic effect might operate 
between particles of the various size classes to give better control than 
would be expected from the sum of the contributions of the components of 
the distribution. An effect such as this might be explained on the basis 
that the smaller particles serve to establish immediate control because of 
good coverage and greater availability at the sites of incipient infection, 
while the larger particles constitute a reserve supply of toxicant that will 
operate over a longer period owing to better resistance to erosion and pho- 
tochemical deterioration. While the present data can do no more than sug- 
gest such a mechanism, it seems probable that the investigation of the 
fungitoxic properties of mixed size classes would be worth further work. 


THE PROBLEM OF PERSISTENCE 


Tomato foliage tests carried out in the greenhouse focus attention only 
on the immediate effects of reduced particle size. Plants are inoculated as 
soon as the spray residues dry, and lesions are counted after a 4-day inter- 
val. In the field, conditions are much different. Here infection may occur 
at any time between spray applications or continuously throughout this 
interval. Furthermore, the deposits are exposed to unfiltered sunlight, so 
photochemical decomposition and interaction with constituents at the 
leaf surface may take place more rapidly. Chemicals with appreciable 
vapor pressure may be lost by sublimation when deposited in the form of 
very small particles while, conversely, finely divided materials may show 
better resistance to rainfall and wind. Ideally, the particle size effect 
should be expressed as an action integral describing the behavior of the 
fungicide over its useful life, rather than at some arbitrarily chosen time. 

Quinones are known to be photochemically unstable. Leighton and 
Dresia (11) have shown that tetrachloro-p-benzoquinone in alcohol solu- 
tion decomposes with a quantum efficiency of about 0.095. Experiments 
carried out in these laboratories using a polarographic method of analysis, 
show that dichloronaphthoquinone decomposes in acetone or dioxane 
solution when exposed to sunlight, but is comparatively stable in the dark. 
In one series of experiments, the quinone concentration of a solution of 
Phygon in dioxane was reduced to 6 per cent of its initial value after 17 
days’ exposure to diffuse sunlight. 


144 CONTRIBUTIONS FROM BoYCE THOMPSON INSTITUTE  [VoL. 16 


The polarographic method of analysis (10) measures the current car- 
ried at a dropping mercury electrode during the conversion of a quinone 
to a hydroquinone. 
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The reaction is reversible, and a solution of the hydroquinone will give a 
well defined oxidation wave with the current flowing in the opposite direc- 
tion. Ciamician and Silber (4) have found that in alcohol solution the main 
products from p-benzoquinone are acetaldehyde, hydroquinone, and a 
complex material, probably produced ee reactions such as 


| 6 
Ue 


+hy— || 


| j 5 


In water, hydroquinone and a larger amount of the complex product are 
formed. Hartley and Leonard (8) found that the complex product has 
approximately the formula of a dimer. 

Since the polarographic diffusion currents obtained on tetrachloro-p- 
benzoquinone and dichloronaphthoquinone are reduced to negligible values 
on prolonged exposure of their solutions to direct sunlight, it is evident 
that the quinone function is lost altogether since the formation of the cor- 
responding hydroquinones would still give well defined waves. 

Leighton and Dresia (11) have observed that the photochemical sta- 
bility of the quinones is improved with increasing substitution. Thus, for 
the series p-benzoquinone, monochloro-, dichloro-,and tetrachloro-p-benzo- 
quinones, quantum efficiencies decrease in the order 0.505, 0.354, 
0.256, and 0.095. It has also been observed that the threshold wave 
length region required to obtain photochemical decomposition decreases 
with decreasing oxidation potential. Thus, tetrachloro-p-benzoquinone 
with an oxidation potential of 0.73 volt and a threshold region in the neigh- 
borhood of 5770 A should be less stable to visible light than dichloro- 
naphthoquinone with an oxidation potential of 0.42 volt. 

Approximately 40 per cent of the total solar radiation is in the 4000- 
7600 A region while 5 per cent or less is below 4000 A (12, p. 69-71). Thus, 
a shift in the threshold region below this latter figure should promote better 
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field stability. Quantitative measurements of the decomposition rates of 
the two chemicals in dioxane solutions exposed to sunlight indicate that 
dichloronaphthoquinone is the more stable. This correlates well with field 
observations, for while tetrachloro-p-benzoquinone (Spergon) has found 
wide use as a seed protectant (19), it does not persist well on foliage. On 
the other hand, Phygon is a good seed protectant but has also found wide 
use as a Spray material for fruit and field crops. 

When a fungicide such as Phygon is distributed on fruit or foliage sur- 
faces in the form of small discrete particles with very low solubility in the 
fluids in the environment, light stability would be expected to be very 
much better than in solution. Only the soluble material and surface layers 
would be expected to react, while the interiors of the particles would 
maintain a reservoir of unaltered material capable of renewing the fungi- 
cidal action. When particle size is drastically reduced, the specific surface 
and consequently the rate of solution would become much greater. While 
reducing particle size improves coverage and immediate disease control, 
if carried to extremes it might result in deposits with poor persistence. It 
is necessary, therefore, to balance these two factors in order to obtain a 
formulation with optimum properties. 

The total surface of a fungicide in a spray deposit at 95 per cent disease 
control in terms of square centimeters per square centimeter leaf area is 
given by 

3G 


= rd ea 


where 5S is the surface, G the amount of material, r the particle radius, and 
d the density of the material. 

On substituting (72) in the regression equation (2) and solving for S, 
we obtain an expression relating total surface to radius and dosage at 95 per 
cent disease control. 


S — ARIE OR aie, (3) 


On substituting values for r and G in equation (12) or (73) and plotting 
total surface against radius (Fig. 5) a U-shaped curve is obtained with a 
minimum in the 2 to 6 mitron region. 

The exact value of the minimum can be found in the following way. 
On substituting (3) in (13) the radius term is eliminated and the surface 
expressed as a function of dosage: 


4m [3G |2/%e1/ma— alm 
q [4xd |2/8 [elim —aim ; 


(74) 
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FiGurE 5. Relationship between total surface and size of 
particles at 95 per cent disease control (equation 72). 
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On differentiating (74) with respect to G, the derivative is 


dS 2K [el/m@— alm |1/3 KG2BellmG—alm 
weet = “ 
dG 3Gi/8 3mG? ( 5) 


43°! 


where K = ————_ .- 
(4nd)2/8 


On permitting ds/dG =o, where the total surface is a minimum, we obtain 
G =—- (76) 


On substituting (76) in (3) the value for the radius at which 95 per cent 
disease control is attained with minimum total surface is 


a 1/3 
Be eye on 


8armde? 


The curve in Figure 5 requires some explanation. When the particle 
size is large, the specific surface is small. However, so much material is 
required to give 95 per cent disease control that the total surface of the 
deposit per unit leaf area is relatively large. As the particle size is reduced 
the coverage factor increases faster than the specific surface, and total 
surface required for 95 per cent control decreases. Finally when the cover- 
age factor begins to approach its limiting value, the effect of greatly 
increased specific surface predominates, and the total surface again in- 
creases. 

It is somewhere in the minimum range of the curve that the best com- 
bination of effective dose and total surface should be found, for at the 
larger radii the material is not used efficiently, and at the lower values a 
disproportionately large area of chemical is exposed to deteriorating influ- 
ences for only moderate gains in coverage. 

This supposition is partly confirmed by some tomato foliage tests 
carried out at the same time as the initial work on particle size effects. 
Each particle size fraction was sprayed at concentrations of 400, 200, 100, 
50, 25, 12.5, and 6.25 p.p.m. on triplicate plants and held under green- 
house conditions for one week before inoculation with spores of Alternaria 
solani. During this interval, a loss in disease control was noted, presumably 
due to deterioration of the chemical and to some extent to increase in 
leaflet area during growth. The EDg5 values for the weathered plants 
(Table V) were calculated on the assumption that the doses were equiva- 
lent to those in the unweathered series, and the material lost in effective- 
ness. Actually, the remaining material was probably still equally effective, 


148 CONTRIBUTIONS FROM Boyce THOMPSON INSTITUTE  [VoL. 16 


but there was less of it present at the sites of infection owing to leaflet 
growth and decomposition to non-fungitoxic materials. 

The percentage losses indicate that material in the 1.5 to 3.5m radius 
range was the most stable. After weathering, the 1.5m particles gave the 
best disease control. The control on samples less than 1 was considerably 
reduced on a percentage basis, but the absolute values are still satisfactory. 
It should be remembered, however, that the tests were run in a greenhouse 
during the winter months where photochemical effects would be much less 
serious than in the field during the growing season. The reasons for the 


TABLE V 


Loss IN EFFECTIVENESS OF PARTICLE SIZE FRACTIONS OF PHYGON AFTER 
GREENHOUSE WEATHERING OF SPRAYED TOMATO PLANTS 


: : EDos5, p.p.m. Per cent 
Particle size, of activity 
Peres Initial After weathering lost 
©.45 52 240 79 
0.81 64 300 79 
1.48 89 135 $8 
Basa 157 220 28 
8.36 445 = I0o 
13.8 870 == 100 
2 AUES 2,200 — 100 


complete loss in activity of the large particle size fractions are not entirely 
clear since the eroded surfaces would be expected to be renewable over a 
long period owing to their relatively large volumes. It may be that tenacity 
to the foliage surfaces was poor, and they were dislodged during the growth 
of the leaflets, or that coverage was so poor, deterioration coupled with an 
increase in leaf area gave a complete loss of control. 

The range for the best over-all utilization appears to be somewhat 
lower than the value of 4.9u predicted from equation (17). This value is 
at best approximate and must be considered with reference to the photo- 
chemical stability of the material. However, it seems likely that maximum 
efficiency of utilization should be obtained somewhere in this range. 


PARTICLE SIZE IN SEED PROTEPCTANTS 


In the derivation of equation (9) relating EDg5 to particle radius, two 
assumptions were made regarding the mode of action of the fungicide, the 
first of which is directly related to problems in seed treatment. It was 
stated that the number of particles required to insure protection of each 
potential locus of infection is constant and independent of the dose. 

It is understood that the nature of the surface and the organism causing 
infection remain unchanged, and that the sizes of the particles are small 
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relative to the distances between them. This amounts to saying that for a 
spore capable of invading a fixed sub-area, there exists a state of subdivis- 
ion for the fungicide so that when it is applied at random to the total area, 
the chance that some sub-area will be left unprotected is vanishingly small. 
If the particles themselves are extremely small, effective disease control 
might not be maintained, but this would be the fault of insufficient dosage 
rather than imperfect coverage. Presumably perfect coverage could be 
obtained with a fixed number of mathematical points or with a non-fungi- 
cidal material. There would be no disease control but conditions for the 
saturation of the surface at possible infection loci would be fulfilled. As the 
sizes of the particles became large relative to the distances between them, 
deviations in this value would be expected since the particles themselves 
would cover a fairly large area and fewer of them would be required to 
saturate the surface. 

An important corollary of this proposition is that there is more to be 
gained from reducing particle size of a highly potent fungicide than of a 
weak one. A material with very low toxicity would have to be applied at 
such high doses (to obtain any disease control at all) that the surface would 
be saturated with respect to coverage at comparatively large particle sizes, 
and there would be little point to further subdivision. Conversely, as the 
innate toxicity of the chemical increases, greater care must be taken to 
disperse the smaller amount of material so that most of the infection loci 
are protected. 

Foliage data are not available comparing the effects of particle size 
reduction on materials of widely differing innate toxicity. However, a 
comparison of the foliage and seed protective abilities of Phygon offers 
some points in similarity. Phygon is ordinarily used on seed at a dosage ot 
0.12 per cent by weight. A too g. lot of pea seed would have a total surface 
area in the neighborhood of 700 cm.” At a particle radius of rou there 
would then be 2.5 X 10‘ particles of Phygon per square centimeter of seed 
surface. This is far in excess of the number that would be deposited on 
foliage at EDg5, and would be expected to saturate the surface to an extent 
that further reductions in particle size would have little effect. 

In order to verify this supposition, several of the Phygon dusts previ- 
ously evaluated on foliage were applied to pea seed at doses of 0.25, 0.12, 
0.06, 0.03, and o.or per cent by weight. The data on emergence in Table 
VI show no significant difference between the samples with different par- 
ticle sizes. Subsequently a series of fractions of tetrachloro-p-benzoquinone 
(Spergon) covering the range from 1 to 35m in small intervals, were pre- 
pared by fractional sedimentation and tested on pea seed. Results on the 
fractions with very large mean radii showed some lack in control, but the 
effect was much less pronounced than on foliage and may have been caused 
in part by poor adhesion of the larger particles to the seed surface. Calcu- 
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lated values for the number of particles indicate that the surfaces should 
be well protected in all cases. With some materials, very small particle 
sizes might have a deleterious effect owing to their rapid erosion in the 
soil. In the formulation of seed protectants, the principal consideration 
should be to obtain a particle size that will give good adhesion to the seed, 
satisfactory flowability in treating equipment, and good stability in the 
soil, with only secondary emphasis on coverage factors. 


SOME DERIVED FUNCTIONS 


One of the advantages of a relationship between particle radius and 
dosage is to supply a means for the examination of situations where experi- 
mental evidence is unattainable, or would require an impractically large 


TABLE VI 
EFFECT OF PARTICLE SIZE OF PHYGON ON EMERGENCE OF PEAS 


1 * 
Ay. radius, Per cent emergence at various dosages 
Le Sate 0.25 Oml2 ©.06 0.03 0.01 
De® go go 88 65 60 
3-7 93 84 89 76 73 
Rae 86 89 85 83 66 
9-5 go 81 79 81 70 


* Expressed as per cent by weight. 


number of tests. The conclusions derived therefrom would be only as reli- 
able as the initial data and must be viewed in that light. 

A general statement of the particle size effect requires an equation in 
three variables: disease control, dosage, and radius. The former two quanti- 
ties are related by an empirical expression proposed by Bliss (1) which was 
later adopted for the interpretation of leaf blight data (15). 


p= at b logi G. (78) 


In this equation, p is the disease control expressed in terms of probit units, 
or units of standard deviation +5, G is the dose, a is a constant describing 
the level of toxicity, and } is the slope of the regression curve which de- 
scribes the rate of change of disease control with respect to dosage. The use 
of probit units to express disease control is based on the observation that 
individuals in a spore population show variations in their resistance to toxic 
agents, and that this variation assumes the form of a probability distribu- 
tion curve. Thus, a larger number of individuals are affected by a change 
in dosage in the region of ED 50 than by a corresponding change at EDro 
or EDg5. The reasons for the logarithmic dependency of the dosage are 
less firmly established; however, according to Bliss (1) an answer ‘‘may 
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be sought in the relation between the dosage administered and the amount 
of poison fixed by the essential cells or tissues.’’ Although this equation 
cannot be justified on theoretical grounds, it has had wide acceptance in 
the interpretation of dosage-mortality data. 

Since there should be no difference between the operation of an actual 
dose and an apparent dose, it appears likely that the probit disease con- 
trol should be related to the effective dose A in (9g) by an equation of the 
type: 


Sees oral [a Se +¢| (19) 
== Ok @) SSS LO ta . 
cad logio No me 4nred ; a 


On combining the constants and setting € equal to zero, equation (19) 
assumes the form 


p= V+ 8B login E log | : (20) 
4mrd 

Equation (20) implies that the number of new particles as well as the 
increase in over-all dosage should be considered in the interpretation of 
dosage-response data. This conception is at variance with ordinary usage, 
but may have some basis in fact. If the total weight of material were in- 
creased while keeping the number of particles constant, coverage, and 
consequently disease control, would not improve so rapidly as if the ma- 
terial were added in the form of new particles. In the latter case, each addi- 
tional amount of material would protect new loci against infection as well 
as contribute to the total weight of toxicant on the foliage surface. 

In regions of intermediate particle size, both variations in spore resist- 
ance and variations in coverage will affect disease control. As dosage is 
increased at constant particle size, the more resistant spores will be inacti- 
vated, and at the same time more of the possible areas of infection will be 
protected. 

Calculated functions for the two forms of the dosage-response curve 
for the 0.454 Phygon particle size fraction are shown in Table VII. On 


TABLE VII 
DERIVED DOSAGE-RESPONSE UNITS FOR 0.454 PHYGON PARTICLE SIZE FRACTION 


ae. O7, 1c 
bees ‘iatesevs Probit NX107% Logio G | Logio (G logio NV) 
2.16 100.00 — 34-3 6 WS ONY Anos 
1.08 99-97 8.43 L72 = 5.07 ik SA 
-54 99.10 7-37 8.59 —6.27 —5-50 
27 93-20 6.49 4.29 —6.57 —5.82 
mA, | 85.10 6.04 2.15 Ohio 7 =). 04 
.068 | 19.20 4.13 TOY —7,17 —6.47 
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plotting these data, satisfactory linear relationships are obtained in both 
cases (Fig. 6). It is apparent that the interrelationship between disease 
control, dosage, and coverage can be represented to a reasonably close 


9 


PROBIT UNITS 


IN 


DISEASE CONTROL 


-5.0 —5.5 -6.0 -6.5 =7.0) =165) 
LOGARITHMIG FUNCTION OF DOSAGE 


FicurE 6. Dosage-response curves for 0.454 Phygon. 1, logio(G log N) vs. 
control (equation 20). 2, logioG vs. control (equation 13). 


approximation by this method. A complete interpretation of the data in 
this form would require some adjustments in units of measurement since 
low doses in the higher particle size regions would, in some cases, contain 
less than one particle per square centimeter. 

In addition to the foregoing relationship, it is also possible to obtain a 
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physical picture of certain other properties through the use of equation 
(20). Thus, if the dose is held constant and the radius decreased, the im- 
provement in disease control with the number of particles per unit area 
can be estimated (Fig. 7). By an extension of this treatment, it is possible 
to obtain information on the regression of probit control with surface 
(Fig. 8). While these and many other properties of dispersed fungicides 
can be interpreted in this manner, it must be kept in mind that the pic- 
tures are only valid insofar as the underlying postulates can be justified. 


PRECISION OF MEASUREMENTS 


The EDg5 values expressed as parts per million in the spray suspen- 
sions were calculated according to the probit method of Bliss (1). Six 
concentrations were run on each sample, and each concentration replicated 
with four plants. Data at each point were weighted according to the em- 
pirical method described by McCallan (14). Each EDgs5 value is thus the 


TABLE VIII 


VARIANCE IN EDgs5 VALUES AND SLOPES OF DOSAGE-RESPONSE CURVES 

sree | EDos, EDos, Slope Variance ap 
one p.p.m. range in slope 

0.45 52 AS 7 Rae 0.29 oP 

0.81 64 6o=" 67 Pas 0.04 0) 

1.48 89 6O— ro Ne 2.44 147.0 

B57 157 LlOS— 775 toa 0.05 5.8 

8.39 445 B75—) 520 3-0 0.48 7-8 
Tyee’ 870 TiS TOS gt, 0.57 4.8 
24.5 2,200 — 2:0 — — 


result of 24 separate observations. x? values for the different materials 
(Table VIII) are reasonably uniform except for the 1.48u fraction. The 
EDgs5 value for the 24.54 fraction was estimated since the points were 
scattered, and well below the range for good disease control. 

Although Bliss’ method of calculation is generally accepted, it should 
be pointed out that it is not strictly applicable when doses are applied by 
the spray method, for it is assumed that the doses are accurately known 
when, in fact, they are not. The coefficient of deposition obtained by ana- 
lytical methods was found to be 5.40 X 10% wg./cm.” with a standard devi- 
ation of 0.51 X10. Thus, under carefully controlled conditions a 1o per 
cent error in dosage is not uncommon, and larger errors may be encoun- 
tered under routine testing procedures. Data in Table I also indicate that 
leaf areas vary considerably from plant to plant. Since the number of le- 
sions observed would be expected to increase with larger leaf surfaces, this 
may be a considerable source of error in the calculation of disease control. 

In fitting the data to the regression equation (2), another situation 
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arises in which errors are present in both variables. The error in the 
reciprocal of the dosage is given by 


s(2)-% “ 


and the error in the number of particles by 


AG \2 BAIN ete 
A(loge N) = (=) + (=) ] : (22) 


The points in Figure 3 represent the experimental values, and the rec- 
tangles, the zones of error calculated from equations (27) and (22). 
Observed and calculated values for EDg5 and ED50 are shown in Table 
IX. The EDs5o0 values were calculated by assuming an average slope of 
2.5 for the Phygon dosage-response curve. The weighted average for the 


AN CIES, 1D 


CALCULATED AND EXPERIMENTAL VALUES FOR BLIGHT CONTROL WITH 
PHYGON PARTICLE SIZE FRACTIONS 


Radius, EDos, pg./cm.? EDso, ug./cm.? 

3 sae Exptl. Calcd. Exptl. Caled. 
0.45 | ©.28 0.28 0.08 0.06 
e.81 0.35 0.34 0.08 0.07 
1.48 0.48 On ATT OnrE ©.10 
Se 0.85 0.83 0.10 Oey 
8.36 2.40 2.14 0.65 0.47 
13.4 4.70 25 Te O2 1.20 

SHAS 12 23 Bains) 5.08 


experimental slopes is in the neighborhood of 2. However, this is contrib- 
uted to by the very flat slope and good fit of the 3.57 fraction. Since this 
curve is known to be atypical, it was rejected despite the good precision 
of measurements. 

Calculated and observed results at the EDgs5 level agree very well ex- 
cept at the larger particle sizes. However, values on samples above tou 
were obtained by extrapolation, and it also must be considered that an 
equation based on differentials will give only approximate results when 
applied to situations where there are only a small number of particles. 
Results at the EDs50 level are less satisfactory although they show some 
correspondence when large changes in radius are considered. The ED50 
measurements are in a region of lower statistical significance on tomato 
foliage tests (14) and reflect to a greater extent unexplainable variations in 
the slopes of the dosage-response curves. 
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DISCUSSION 


The chemical processes by which the fungicide inactivates the spores 
have not been taken into account and they are not relevant to this discus- 
sion except for a consideration of transfer mechanisms. The foliage surface 
can be visualized as a two dimensional system in which particles of an 
insoluble fungicide are distributed at random to protect against invasion 
from fungus spores, which are also distributed at random. There are sev- 
eral mechanisms by which this process might operate, and there is no 
assurance that the action is always the same with different materials. 
Probably, direct contact between particles and spores is not required for 
all fungicides, since scale drawings of Phygon (Fig. 1) indicate this would 
be very unlikely on foliage protected by large particles. 

There is, however, the possibility that a spore will germinate and send 
out hyphae that encounter particles of toxicant before they can penetrate 
the leaf tissue. If the particles are large enough, or if the hyphae reach a 
great many small particles, the entire organism might be inactivated 
before infection. The fungicide could also operate by slow solubilization 
and diffusion into adjoining areas of the surface. A large particle would 
operate more effectively over a limited range than a small one, but the 
average locus of infection would not be so well protected since the concen- 
tration of solubilized toxicant would drop off rapidly as the distance from 
the source increased owing to diffusion, discontinuities in the surface, or 
decomposition of the soluble phase. McCallan (13) and McCallan and 
Wilcoxon (16) have proposed that fungus secretions diffuse into the im- 
mediate vicinity of the toxicant where they react chemically to form inter- 
mediate compounds that inactivate the spores when they are reabsorbed. 
More steps would be involved in this process; however, the fundamental 
distribution problem remains the same. Therapeutic action through trans- 
location of the chemical or a reaction product through the plant system 
has also been considered. General systemic protection seems unlikely, 
since good distribution must be maintained to prevent infection. If this 
type of action does occur, it must be effective only at short distances from 
the individual particles, beyond which the chemical is dissipated by diffu- 
sion and reaction with materials in the plant cells. All of the mechanisms 
proposed appear to require good distribution for adequate protection. 

It is clear that the distribution effect must be expressed by a function 
that reaches a limiting value. If disease control were directly dependent 
on surface, number of particles, or radius, the toxic effect could be increased 
indefinitely by subdivision down to molecular size. The innate toxicity of 
a chemical is not changed by fragmentation, for a given weight of material 
is capable of inactivating only a limited number of spores. By increasing 
the state of subdivision, it is possible to obtain more effective utilization, 
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but this must soon reach a limiting value as the surface approaches satu- 
ration. The region in which this will occur probably varies with the charac- 
teristics of the spore, foliage type, chemical, and method of application. 
The primary consideration is the size of the unprotected area that must be 
available for a successful invasion by the fungus. If the variation in pro- 
tection in each sub-area is small compared to the average dosage per sub- 
area, then the fungicide will be used effectively. In a region of very small 
particle size where the coverage is already good, gains in control through 
further subdivision will be small. The system has reached a point of dimin- 
ishing returns which is most easily expressed by a logarithmic relationship. 

The number of particles per unit area rather than total surface has 
been regarded as the primary factor in disease control. Increasing the sur- 
face will increase the rate of solubilization of toxicant and so, in a sense, 
increase availability. In a continuous three dimensional system, agitated 
to prevent local concentration effects, the rate of solution of a particulate 
solid is directly related to the surface as well as the concentration of solute 
in the aqueous phase. In glass slide tests, these conditions are more nearly 
fulfilled than on foliage. Even here the positions of the particles are fixed, 
and the diffusion of the solute to a homogenous equilibrium concentration 
must be slow. Microscopic examination of test slides has shown that 
spores in the immediate vicinity of a large Phygon particle are inhibited, 
while those some distance away will germinate. It is evident that proximity 
of a particle of the solid fungicide is necessary for fungistasis even in this 
case. On the essentially two dimensional surface of a leaflet, the particles 
are in fixed positions and relatively far apart. Diffusion of toxicant from 
one location to another will be a slow process interrupted by discontinuities 
on the surface and decomposition of the soluble phase in the presence of 
light and plant excretions. The only way by which the entire area open to 
infection can be protected is by fragmentation and random distribution of 
the toxicant, and this is primarily a function of the number of particles 
available rather than total surface of the fungicide. 

A small number of large particles will lead to a superabundance of pro- 
tectant in some localities, and little or none in others, while subdividing 
the material will tend to equalize the coverage at the various points of 
infection. If the total dose is very low, and the deposit is uniform, only 
that percentage of the spore population with high susceptibility to the 
toxicant will be inactivated. Increasing particle size may prevent germina- 
tion of the more viable spores at a few scattered points, but this will be 
more than overbalanced by a total absence of protectant at other loci. 
It might be argued that for extremely minute dosages, large particles would 
be more effective, since there would be a finite chance that one of them 
would be present at an infection locus in sufficient quantity to inactivate 
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the spore. However, the variance in the resistance of the spore population 
is represented by a probability distribution which implies that some 
spores will be affected at the smallest average doses. 

If sufficient data were available on the range and intensity of action 
of a single fungicide particle with respect to its size, and the concentration 
of soluble material over a time interval necessary to inactivate a segment 
of the spore population, a more complete statement of the coverage prob- 
lem might be made through statistical methods. However, this would en- 
tail consideration of many unresolved factors, and involve probability 
distributions for both the variance in surface coverage, and the variance 
in the spore population. 

In considering the effects of coverage, the fungicide particles are as- 
sumed to be distributed at random on the foliage surface. In practice, they 
probably are not, which might be one of the factors leading to experi- 
mental discrepancies. Spray suspensions are prepared with sufficient sur- 
face-active agent to prevent agglomeration. However, the material is 
delivered from a spray gun and deposited on the foliage as fine droplets. 
On drying, these droplets are likely to leave non-uniform residues. If this 
is the case, the particle size effect would be partly masked, for coverage 
would not be completely satisfactory even with the optimum number of 
particles. Lesions which appear on some plants could be caused by irregu- 
larities in the deposit rather than insufficient dosage or particle size effects. 
Applying the fungicide as a dust should, in theory, give a more nearly 
random distribution. However, it would be difficult to insure a constant 
deposit with the various size classes owing to different sedimentation rates. 

In spray tests carried out under uniform conditions, the chances are good 
that irregularities in deposit will occur in similar patterns for the various 
size classes. Although disease control might be lower than expected from 
random coverage, the errors would all be in the same direction, and the 
relative values approximately correct. 

A general relationship has been proposed which states that the amount 
of toxicant required for constant disease control varies inversely with the 
logarithm of the number of particles into which it is subdivided. Experi- 
ments made on tomato foliage tend to substantiate this at the EDg5 
level although there are discrepancies at lower values owing to variations 
in the slopes of the dosage-response curves. The regression equation gives 
a static rather than a dynamic picture of the situation since it does not 
take into account the exhaustion of the smaller particles with time owing 
to photochemical deterioration and other possible erosion effects. In green- 
house foliage tests, spray and inoculation schedules are arranged to give 
data on the immediate protective action of the fungicide. However, even 
here, considerable time elapses between spraying and counting of the 
lesions, during which secondary effects may become apparent. 
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The relationship between particle size and dosage is useful for the cor- 
relation of test results and the interpolation of intermediate points in the 
data. However, it has more value as a starting point for speculations on 
the mechanism of fungicidal action, and the postulates on which it is based 
can serve as useful guides for the formulation of new and existing materi- 
als. Weak fungicides which can be used in quantity because of low cost 
and absence of phytotoxic effects are not likely to be improved quite so 
much by extreme subdivision as materials with very high innate toxicity. 
On greenhouse tomato foliage tests, Phygon gives satisfactory coverage 
with 1.5 particles at a dose of 89 p.p.m. As a first approximation, a fungi- 
cide with one-fifth its innate toxicity would give equivalent coverage at 
2.64, and a material with one-tenth the toxicity at 3.24. Conversely, a 
material ten times as toxic as Phygon would have to be ground to a 0.74 
dust to insure efficient distribution. In the treatment of seed, where the 
dosage is of a higher order of magnitude, particle size effects are relatively 
unimportant. These estimates do not take into account possible differences 
in the modes of assimilation by the fungus spores where coverage require- 
ments might be different, nor are they intended to translate laboratory 
data to field performance. 

Pronounced differences in the solubility of chemicals might suppress 
particle size effects to a great extent. It has been observed that some of the 
derivatives of 4-nitrosopyrazole (18) are moderately soluble in water. When 
spray suspensions are prepared by throwing the compounds out of acetone 
solution by the addition of water, dispersion tends to be poor because of 
crystal growth. Yet these compounds give very low EDgs5 values on tomato 
foliage. In cases such as these, rapid solubilization and diffusion at the 
foliage surface might tend to overcome some of the effects of poor particle 
size distribution. However, in general, liquids, and highly soluble solids, 
have not been successful as commercial fungicides. 

The performance of a dust containing particles of all sizes cannot be 
predicted from knowledge of a single characteristic such as average radius. 
The observed effect is a summation of all the contributions made by the 
individual size classes, and their magnitudes do not vary linearly with 
radius. Furthermore, any number of particle size distributions can exist 
for a single value for average radius, and the shapes of these curves will 
determine the net over-all effects. There is some evidence of complementary 
action between particles of various size classes; nevertheless an adequate 
estimate of relative performance can be obtained from the distribution 
curve of a dust. 

In making particle size evaluations, it is necessary to consider the chem- 
ical properties of the fungicide in relation to the degree of subdivision. 
Rate of utilization increases very rapidly with decreasing radius down to a 
region somewhere in the vicinity of su. After this, the rate falls off. Further 
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reduction in size will greatly increase surface without commensurate gains 
in efficiency. If the material is volatile, or inherently unstable, in the en- 
vironment at the foliage surface, persistence might be sacrificed for imme- 
diate gains in control. 


SUMMARY 


1. The amount of Phygon (2,3-dichloro-1,4-naphthoquinone) required 
to control tomato early blight is inversely proportional to the logarithm 
of the number of particles into which it is subdivided. This equation can 
be derived on a theoretical basis providing several assumptions are made 
regarding the mode of action of particulate fungicides. 

2. The performance of a dust relative to a standard can be predicted 
from its particle size distribution curve and the regression of EDg5 with 
particle radius. Calculated and observed results agree to within the limita- 
tions of the experimental methods. 

3. A curve relating particle radius and total surface of a fungicide at 
EDgs5 is derived which exhibits a minimum near su. It is believed that 
photochemically sensitive materials can be used most effectively in this 
range since a low EDgs5 is obtained in combination with minimum exposed 
surface. 

4. Reducing the particle size of Phygon is not as effective in prevent- 
ing seed decay as it is on leaf blight control. This may be related to the 
comparatively large doses required in seed treatment with consequent 
saturation of the surface at large particle size. 

5. The regression of EDgs5 with particle radius is useful for interpreting 
interrelationships between dosage, response, specific surface, and number 
of particles which are often not accessible to direct experimentation. 

6. Various mechanisms which can be used to explain the particle size 
effect are discussed in detail. 

7. A consideration of particle size effects together with information on 
the chemical and physical properties of the toxicant may often be useful 
in preparing new fungicidal formulations. 
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PARTICLE SIZE IN RELATION TO THE FUNGITOXICITY 
OF DICHLORONAPHTHOQUINONE 


GEORGE L. MCNEw AnpD H. P. BurCHFIELD! 


Investigations were begun in 1946 to develop an all-purpose dust that 
could be used to control both disease and insect pests of garden plants. 
After studying various mixtures, 2,3-dichloro-1,4-naphthoquinone? was 
chosen as the fungitoxicant and rotenone as the insecticide. Several formu- 
lations of these materials, with and without sulfur and DDT supplements, 
were blended with talc in such proportions that they could be applied as 
dusts at 40 to 60 Ib. per acre or as sprays at a concentration of about 20 
Ib. in roo gallons of water. 

In field trials, these compositions proved to be about twice as effective 
per pound of fungitoxicant as wettable dichloronaphthoquinone (Phygon) 
in preventing the late blight of potatoes and tomatoes caused by Phy- 
tophthora infestans (Mont.) DeB. Since particles of the fungitoxicant had 
ample opportunity to fragment during blending operations, it was as- 
sumed that this unexpected superiority might have been caused by de- 
creased particle size rather than other effects such as synergism, greater 
adherence or more uniform distribution on leaf and fruit surfaces. 

Studies were undertaken, therefore, to determine whether particle 
size distribution differed appreciably from that in the parent material 
and, if so, how much effect particle size had upon fungitoxicity. The results 
of field, laboratory, and greenhouse trials with different formulations and 
fractions of dichloronaphthoquinone are presented in this paper. 


MATERIALS AND METHODS 


Three different dust-spray formulations of dichloronaphthoquinone 
were tested alongside the relatively pure chemical (wettable Phygon) 
and Bordeaux mixture (4-2-50) on potatoes (Solanum tuberosum L.) of 
the variety Green Mountain and tomatoes (Lycopersicon esculentum Mill.) 
of the variety John Baer at Bethany, Conn., in 1946. The formulations of 
these three dusts are given in Table I. 

The dust-sprays were tested as spray materials at dosages of 30, 20, 
and 1o Ib. per 100 gallons of water (equivalent to 0.9, 0.6, and 0.3 Ib. of 
dichloronaphthoquinone). All sprays were applied at a rate of 150 to 200 
gallons per acre by conventional hydraulic equipment operated at 350 Ib. 


1 The authors wish to express their appreciation to the management of the Naugatuck 
Chemical Division, U. S. Rubber Co., for permission to publish these data which were ob- 
tained at the Agricultural Chemicals Laboratory, Bethany, Conn. 

* The active ingredient of Phygon, registered trademark. U. S. Patent 2,302,382 as- 
signed to U. S. Rubber Co. 

Copyright, 1950, by Boyce Thompson Institute for Plant Research, Inc. 
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pressure per square inch. Application was made from a portable boom 
equipped with four nozzles for each row of potatoes and five nozzles for 
tomatoes. When used dry, the mixtures were applied at the rate of approxi- 
mately 50 Ib. per acre from a rotary, hand-operated duster. Treatments 
were applied to single rows (7 plants each) of tomatoes spaced 5 feet apart, 
and on single 20-foot rows of potatoes. Five replicates were used on toma- 
toes and six on potatoes. Treatments were applied on July 30, August 9, 
22, and 30. During the intervening periods, insects were controlled effec- 
tively by separate applications of DDT at the rate of 1 quart of 25 per 
cent emulsion in 100 gallons of water. 

Data on the severity of leaf blight, caused almost exclusively by 
Phytophthora infestans, were taken on August 28 by the visual scoring 


TUNIS Il 
COMPOSITION OF EXPERIMENTAL Dust USED IN EXPERIMENTS 


Percentage material in formulations 
Ingredients used 
Dust A Dust B Dust C 

Dichloronaphthoquinone 3.0 Bue 3.0 
Sulfur 20.0 — = 

Cubé resin (23.5% rotenone) 32 Be BoD) 
IDI DAL 4.0 — 4.0 
Celite 10.0 10.0 10.0 
Tale 58.8 82.8 78.8 
Nacconol NR Tas) TO TO 


method of Horsfall and Barratt (8). The tomato fruit was harvested and 
weighed when fully ripe on four different dates. The potato tubers were 
dug on October 17. Those with tuber rot or of substandard size were dis- 
carded, and the remainder was weighed. 

The measurement of particle size in the dust-spray formulations pre- 
sented a special problem since there were three or four insoluble compo- 
nents in the mixtures. Direct microscopic examination was not practical 
so a procedure based upon differential sedimentation followed by chemical 
analysis was used. A polarographic method (5) that was not interfered 
with by sulfur, DDT, or rotenone was developed. A sample of the formula- 
tion under investigation was suspended in 0.25 per cent Nacconol NR 
solution and agitated until agglomerates were disintegrated. The suspen- 
sion was then placed in a 4-liter cylinder and samples were siphoned off 
at various levels for analysis after different periods of sedimentation. From 
the data obtained on changes in concentration of dichloronaphthoquinone 
with time, it was possible to calculate the particle size distribution of the 
dichloronaphthoquinone by application of Stokes’ law. Details of this 
method have been described elsewhere (5). 
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A modification of the sedimentation technique was used to separate 
particles of different sizes for bioassays (2). For these preparations, a 
sample of technical dichloronaphthoquinone was purified by sublimation 
and recrystallization from benzene. The lemon yellow crystals (m.p. 
tgo° C.) were ground by two passages through a Raymond pulverizer 
equipped with a 0.25 mm. herringbone screen. A 200-gram sample was 


FIGURE 1. Representative samples of dichloronaphthoquinone from fractions desig- 
nated as having particles of radii 0.5 to 1.04 (A), 1.0 to 3.0u (B), 3.0 to 5.ou (C), 5.0 to 10.04 
(D), 10 to 204 (E), >20pu (F). The particles average 0.81, 1.48, 3.57, 8.36, 13.8, and 24.5u 
in radius. 


pasted in a mortar with o.25 per cent solution of Nacconol NR in distilled 
water and then diluted to 4 liters by adding Nacconol solution. After being 
stirred until all agglomerates disappeared, the suspension was allowed to 
settle until all particles larger than su radius were calculated to be below 
the midpoint of the cylinder. The upper half was then siphoned off through 
a tube with a U bend at the tip to avoid disturbing the lower fractions. 
These two fractions were resuspended, diluted, and further fractional sedi- 
mentations made at different intervals to secure samples that were calcu- 
lated. to haye particles with'radu of <.0;5, 0.5-1:0, 1-3;°3=5, S=10; To=20, 
and > 20 microns. 

Each sample was analyzed for dichloronaphthoquinone content (3) and 
adjusted to a concentration of 2000 p.p.m. The mean radius of the particles 
in each fraction was then determined by counting the number of particles 
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in a known volume in a Levy blood counting chamber by the method of 
Wilcoxon and McCallan (13). Although the particles of dichloronaphtho- 
quinone were not spheres (see Fig. r) as postulated for the application of 
Stokes’ law, the separations were satisfactory. The observed mean radii 
of the samples agreed well with the calculated sizes and 93 to 98 per cent 
of the material fell in the specified ranges (2). 

The fungitoxicity of the various fractions was determined by assaying 
their ability to inhibit spore germination on glass slides and to prevent in- 
fection of tomato foliage. The glass slide germination test with 7-day-old 
conidia of Alternaria oleracea Milbr. and Sclerotinia fructicola (Wint.) 
Rehm. as recommended by the committee of the American Phytopatho- 
logical Society (1) was employed. The procedure for evaluating ability to 
prevent infection of tomato foliage by Alternaria solani was essentially 
that described by McCallan and Wellman (9) with slight modification as 
described elsewhere (10). The data on ability to protect foliage were con- 
sidered most applicable to the evaluation of protectant fungicides; so 
they are emphasized in this paper. 


EXPERIMENTAL RESULTS 


Three formulations of dichloronaphthoquinone were tested in dosage 
series as sprays on potatoes in 1946. In addition, another formulation and 
four dust compositions were tested at a single dosage rate. Conditions 
were exceptionally favorable for the development of Phytophthora infestans 
which was observed shortly after the second spray. Unsprayed controls 
were almost completely destroyed by the last of August as can be seen 
by the data in Table II. At that time only 9g per cent of the foliage remained 
disease-free as compared to 88 per cent in the plots sprayed with Bordeaux 
mixture 4-2-50. The dichloronaphthoquinone formulations at rates of 4 
to 9 ounces of fungitoxicant per too gallons of mixture gave comparable 
disease control. In general, the dichloronaphthoquinone in the dust-spray 
formulations was approximately twice as effective as in the standard 
material. A comparable relationship held at the other dosages. The dusts 
were not so effective as the sprays but the dust-sprays were definitely supe- 
rior to Phygon dust at 2 or 5 per cent concentration. 

The disease control was reflected in yield of No. 1 tubers. The un- 
sprayed plants yielded 150 bushels per acre. The various treatments in- 
creased the yields by 48 to 180 bushels per acre. The dust-sprays were 
more effective in increasing yields than Phygon at equivalent weights of 
dichloronaphthoquinone. Plants protected with the lowest dosage (0.6 
ounces of technical dichloronaphthoquinone per acre in each application) 
of either dust-spray yielded as well as those sprayed with 32 ounces of 
commercial dichloronaphthoquinone. A careful study of the data suggests 
that the dust-sprays were about twice as effective as commercial dichloro- 
naphthoquinone per unit of fungitoxicant. 
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The same general relationship was indicated when the materials were 
applied as dusts. Although quantitative comparisons cannot be made in 
the absence of a dosage series, formulations A and C as dusts were better 
than 2 per cent Phygon dust. The data suggest that they were also superior 


to 5 per cent Phygon dust but the differences are not statistically signifi- 
cant. 


TABLE II 


RELATIVE EFFECTIVENESS OF FoUR FORMULATIONS OF DICHLORONAPHTHOQUINONE 
IN PREVENTING INFECTION OF POTATOES BY PHYTOPHTHORA INFESTANS 


Spray treatments applied Approx. Control Yield of 
: amt. of leaf sound Ge oNeies 
Formulation of Gonen. applied, blight, tubers, yie ae 
chemical oz./100 gal.| oz./acre % Ib. es Be ge 
32 64 04 Mh 268 
Pl f 16 32 93 18.9 212 
ygon, wettable 8 "6 8s nal oe 
4 8 81 Oo 184 
480 28.8 96 20.4 300 
Dust-spray (3%) A 320 19.2 or 28.5 Bei 
160 9.6 89 22nd 205 
480 | 28.8 96 24.6 270 
Dust-spray (3%) B [ gyersy 19.2 93 ery 270 
160 9.6 75 20.8 240 
Dust-spray (3%) C 320 10) 92 24.5 270 
Bordeaux-mix. (4-2-50) — — 88 PN 7) 243 
Phygon dust (5%) Dust 40 58 19.6 218 
Phygon dust (2%) | Dust 16 50 17.6 108 
Dust-spray (3%) A Dust 24 88 24.9 200 
Dust-spray (3%) B Dust 24 89 21.4 247 
Untreated — == ty) .6 153 
—— ——= 9 T2510) 148 
Min. sign. diff—5% 6.3 


Min. sign. diff.—1% 8.3 


Many factors might have contributed to these differences in yield. 
Although insects, such as leafhoppers, apparently were controlled in all 
blocks by treatment with DDT emulsion, the supplementary dosages of 
DDT and rotenone in the dust-sprays may have perfected the control. 
There is every reason to assume, however, that the major influence on 
yield was due to disease control because of the close correlation between the 
two factors. 

Comparable data were obtained on tomatoes grown in the same field 
and treated with the same materials (Table III). The crop was completely 
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destroyed, as far as all practical purposes were concerned, by P. infestans. 
Foliage infection was lighter than in the potatoes, but fruit rot was almost 
100 per cent on unsprayed plants after the first picking. Yield of sound 
fruit was increased from 1.54 tons per acre to about 10 tons by the better 
treatments. The general trend was the same as on potatoes and differed 
only slightly in minor details. Since insects were not observed on the 
tomatoes, the differences in yield can be attributed to disease control 
even more certainly than for potatoes. The addition of sulfur to dichloro- 


TABLE ESE 


RELATIVE EFFECTIVENESS OF SEVERAL FORMULATIONS OF DICHLORONAPHTHOQUINONE 
IN PREVENTING PHYTOPHTHORA BLIGHT AND INCREASING YIELDS OF TOMATOES 


Spray treatment used, Gone Control of Yield of Calculated 
formulation of ee al leaf blight, marketable yield per 
chemical bf eae % fruit, lb. acre, tons 
32 94.0 43-5 9.02 
Phygon, wettable 16 92.0 32.8 6.81 
8 76.0 MO) it 4.18 
480 89.0 50.2 TC.42 
Dust-spray (3%) A 320 89.0 34.8 Tae 
160 gI.o 18.5 3.84 
480 86.0 45.9 Oe SZ 
Dust-spray (3%) B 320 gI.o B58 7.42 
160 84.0 iO 7f Ff 207 
Phygon dust (5%) Dust 89.0 250 2 6.47 
Phygon dust (2%) Dust 86.0 14.2 2.95 
Dust-spray (3%) A Dust 81.5 25.2 Saul 
Dust-spray (3%) B Dust 76.0 DARL be Ow 
None — BS ©) Whee Te54 
Min. sign. diff. 5% Oxy 
Min. sign. diff. 1% 8.9 


naphthoquinone, as was done in dust-spray A, did not increase its effective- 
ness against this disease, either on potatoes or tomatoes. The DDT appar- 
ently had no appreciable effect on disease control since formulae A, B, and 
C were almost identical in performance where tested at equal dosages. 

The greater effectiveness of dichloronaphthoquinone in dust-spray 
formulations as compared to undiluted material would indicate that it 
was more active. However, it might be argued that the various supple- 
ments improved the distribution on the leaves, adherence during rainfall, 
or persistence upon exposure to air and sunlight. In order to eliminate 
these considerations pertaining to spray deposits, tests were made on 
potted tomato plants in the greenhouse. Two samples each of dust-spray 
and Phygon were applied in dosage series to duplicate plants while they 
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were rotating on a turntable under a spray hood where uniform spray 
coverage could be obtained. As soon as the spray deposits were dry the 
plants were exposed to infection by Alternaria solani. 

The data on blight control, presented in Table IV, show that the two 
dust-spray samples were superior to Phygon. Inasmuch as the variables of 
coverage and persistence had been eliminated, these differences must be 
attributed to innate differences in fungitoxicity. These data show that the 
two samples of dust-spray provided 95 per cent effective control at 85 and 
7° p.p.m. as compared with 132 and 122 p.p.m. of technical dichloro- 


AUANBIUIS, AY 


RELATIVE EFFECTIVENESS OF Dust-SPRAY AND PHYGON IN PROTECTING TOMATO 
FOLIAGE FROM INFECTION BY ALTERNARIA SOLANI 


| . . . 
q Blight control (%) on plants sprayed at various | Estimated| Rela- 
Spray ; ; : 
Geatment concns. (p.p.m.) of dichloronaphthoquinone EDo5 tive 
applied value, dosage 
320 160 80 40 20 p.p.m. ratio 
Phygon 120 09.4 05-5 85.0 TOW Ow Tae 1.80 
| 100.0 | 98.2 88.6 Grey 74.0 
Dust-spray 88 Ico.0 98.8 O37 Wo B 74.3 85 it ie 
100.0 90.4 g1.6 Wot 71.0 
Phygon 142 100.0 95.8 Oro Ort ong 122 1 3 yj 
I00.¢c 98.2 hin A Sinn DPE: 
Dust-spray 61 9g.1 99.4 96.4 80.5 81.4 70 I.00 
100.0 100.0 94.9 84.1 80.8 


naphthoquinone. Thus, in order to secure equivalent control, 75 to go per 
cent more active ingredients was required than of dichloronaphthoquinone 
in dust-spray. These data are in good agreement with the field data in 
Tables II and III; so the differences in field performance may be attributed 
legitimately to differences in fungitoxicity rather than to some aspect of 
spray deposition. 


SIZE OF PARTICLES IN DIFFERENT FORMULATIONS 


Some of the formulations that differed in fungitoxicity were suspended 
in distilled water and analyzed for particle size distribution by sedimen- 
tation rate. Typical data obtained on three compositions are given in 
Figure 2. Over 21 per cent of the material by weight in technical dichloro- 
naphthoquinone occurred as particles with radii greater than 224. Only 
25 per cent of the material was in particles less than su. The 3 per cent 
garden dusts had much better distribution. There was over twice as much 
dichloronaphthoquinone less than su. Approximately 60 per cent of the 
particles greater than 224 had been fragmented in blending the dichloro- 
naphthoquinone into dust-spray. 

These observations suggest a ready explanation for most of the differ- 
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ences in fungitoxicity. If an organic material such as dichloronaphtho- 
quinone operates in the same manner as insoluble copper (6, 7, 12) and 
sulfur (4, 6, 13) fungicides, the smaller particles would be more effective. 
Since ability to protect surface depends upon the number of particles, 
and availability depends upon the surface area exposed to the fungus 
spore, it is logical to assume that these principles hold for all moderately 
insoluble fungicides. 

The reasons for the smaller particles in dust-spray are of passing inter- 
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RADIUS OF PARTICLES-IN MICRONS 


FIGURE 2. Particle size distribution of dichloronaphthoquinone in three formulations: A, 3% 
in calcium carbonate; B, 3% in dust-spray; C, original sample of dichloronaphthoquinone. 


est. Since the diluents may have served as abrasives in the grinding opera- 
tions, tests were made with several of the common diluents. Tale was 
found to be more effective than Celite in fragmenting dichloronaphthoqui- 
none (5). Calcium carbonate was the most effective material for reducing 
particles to a size of less than 1p radius as can be seen from the data in 
Figure 2. Almost 40 per cent of the material was in this class and only 
3 per cent occurred as particles greater than 15u radius. The data of others 
(4, 6, 7, 13) on sulfur and copper suggest that this would be a superior dis- 
tribution for fungicidal activity, but the question may be raised as to 
whether such extreme fineness is necessary or even desirable in organic 
compounds where there is a tendency for the active ingredients to decom- 
pose or oxidize upon exposure to the air. 
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RELATIONSHIP OF PARTICLE SIZE TO FUNGITOXICITY 


Seven samples obtained from pure dichloronaphthoquinone by frac- 
tional sedimentation (2) were tested for fungicidal ability on glass slides 
alongside a standard sample of material that contained the entire normal 
range of particle sizes. Data on the germination of 7-day-old conidia of 
Alternaria oleracea and Sclerotinia fructicola in different concentrations of 
the chemical are presented in Table V. The A. oleracea spores were some- 


TABLE V 


EFFECT OF DICHLORONAPHTHOQUINONE PARTICLES OF DIFFERENT SIZES ON 
GERMINATION OF SPORES ON GLASS SLIDES 


Size of Sauer Percentage spore germination in various concns. (p.p.m.) 
particle, . 
microns tested SO 10.0 3.16 TACO - 316 . 100 
3 
0-C.5 A, = a= 0.0 Ou§ 04.5 99.0 
0-0. 5 ies = — 0.0 0.0 Po) 84.5 
©.5-I.0 A, ° ° ° 20.0 96.5 100.0 
0.5-I.0 D3 ° ° ° Tes 6.0 36.5 
Tee ‘whee ° ° ° ° 80.0 97.0 
i—3 S; ° ° fo) ° fo) g.o 
C= A fe) fo) fo) fo) 94.0 97.0 
2S S ° ° ° ° ° 5.0 
5-Ie A, ° ° ° 38.0 97.0 99.0 
sae rnd, fo) 2.0 ° 2.0 3.0 70.5 
I0—20 eb ° ° 90.5 90.5 98.0 100.0 
10-20 | Se? ° ° 8.0 Biss 80.5 82.5 
Over 20 A 22.0 92.5 909.5 98.5 99.5 97.0 
Over 20 rs) fo) fo) 74.0 86.5 84.5 79.0 
Standard 4 | ° ° ° 9.0 07-5 09.5 
Standard S fo) ° ° fo) Tes 64.5 
Untreated A. 96** 
Untreated | SS. | 92 


* 4A—Alternaria; S—Sclerotinia. 

** Test samples corrected to roo by counting extra spores for non-viable members. 
what more resistant to dichloronaphthoquinone than usual in this test. 
The data, however, are in sufficiently close agreement with S. fructicola 
to leave little doubt as to the relative values of the various samples. 

The standard sample had an EDs50 of slightly more than o.1 p.p.m. 
which is in keeping with the figure of about 0.04 p.p.m. usually obtained 
in such tests. Comparable data were obtained on the 5 to 1op particles. 
Particles larger than these were one-fifth to one-thirtieth as effective and 
those of 1 to 3u or 3 to 5u radius were about three times as effective. The 
particles that were less than rp in radius were less effective than the r to 3u 
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class. The reason for this unanticipated result is not obvious unless the 
smaller particles were inactivated by the orange juice added as a spore 
stimulant. 

The ability of these seven fractions and the standard to protect tomato 
foliage from infection by A. solani was tested. Three small, potted plants 
were sprayed with each material at concentrations of 400, 200, 100, 50, 25, 
12.5, and 6.25 p.p.m. Due to the large number of plants involved it was 
impossible to expose all of them to infection at the same time in the incuba- 
tion chamber available for the test. The plants were divided into three 
sets, each including a plant from each treatment and inoculated on suc- 
cessive days so 48 hours elapsed from the time of spraying until the last 


TABLE VI 


EFFECTIVENESS OF DIFFERENT SIZED PARTICLES IN PREVENTING INFECTION OF 
TOMATOES BY ALTERNARIA SOLANI UNDER GREENHOUSE CONDITIONS 


Radius of Percentage disease control* at various concns. (p.p.m.) 

: EDo5 
particles 1 
in sample, ada 
microns 400 200 100 50 25 2 OaF p-p.m. 
<0.5 = 100.0 99.1 93.2 85.1 122 19.2 52 

Ook LO || uelese 99.6 98.7 92.3 iG 5 On i/ 64 
IT-O— 3.0 | 99.6] 99-5 97-7 Ql.7 52.3 9-4 4.8 & 
B.O= Hoe 98.6 96.1 93-2 83.3 Sit. 5.6 21.4 157 
5.0-10.0 95-5 60.8 42.5 PXO) a FE 0.0 5.8 Z20G) 445 
10.0-20.0 Wes D 12.8 750 18.1 Ds @ 8.3 0.0 870" 
>20 Bano 10.3 oul 9.5 0.0 Gals 0.9 22OOmd 
Standard 98.8 98.5 92.8 83.0 Al .3 9.3 212 TgU5 


* Mean numbers of lesions in unprotected controls in the three different sets were 523, 
1104, 488. 
** Approximate figure obtained by extrapolation. 


set was exposed to fungus spores. The three sets gave comparable results 
with only minor variation. 

The mean percentages of blight control in these triplicate tests are 
presented in Table VI. These data yield very satisfactory straight line 
dosage curves when plotted on logarithmic-probability paper. The lines 
are closely parallel, with the exception of the 3 to 5u sample, thereby indi- 
cating that the mechanism of killing was identical and that the various 
sized particles differ only in their availability to the fungus spores. 

There was a progressive loss in fungitoxicity with increasing size of 
particle so that the EDg5 values ranged from 52 p.p.m. through 64, 80, 
157, 445, 870 to about 2200 p.p.m. The standard sample had an EDgs of 
135 p-p-m. which agreed most closely to the 3 to 5u class. The relationship 
of particle size and EDg5 values held throughout the range of particle 
sizes with no tendency for particles < 1p to be less effective than 1 to 3M. as 
was observed in the spore germination tests on glass slides. 
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These data offer evidence of why the samples with different size dis- 
tributions (Fig. 2) differed in field and laboratory performance. The 20 
per cent of coarse particles (>2o0u) in technical dichloronaphthoquinone 
contributes very little to fungitoxicity. By converting most of them to 
the smaller class by the abrasive action of talc in dust-spray the specific 
activity was increased several-fold. 

The foregoing test was repeated in its entirety with samples derived 
from another refined lot of dichloronaphthoquinone. The data were in 
fair agreement with those presented in Table VI. The major discrepancy 


was that particles less than ru had EDgs values of about 36 to 40 p.p.m. 
instead of 52 p.p.m. 


TABLE VII 


RELATIVE FUNGITOXICITY OF INTERMEDIATE SIZED PARTICLES OF DICHLORONAPHTHOQUI- 
NONE DERIVED FROM LARGE AND SMALL PARTICLES BY RECRYSTALLIZATION 
FROM ACETONE SOLUTION 


Type of particle tested Percentage blight control* at various concns. Estim. 
: ; (p.p.m.) EDo5 
Source of (Treatment after value, 
particles centrifugation 800 320 160 80 40 20 p.p.m. 
| 
Small, <1 Resuspended = 99-9 99-4 97.8 S73 WEED 60 
Small, <1 Recrystallized — 99.5 07.0 86.3 Tag 80.5 Tans 
Large, 5—10n | Recrystallized | — 99.6 96.9 Ql.2 84.2 87.1 IIo 
Large, 5—10pn | Resuspended 98.7 95-9 86.1 Oa POSE — 365 


* Sample with resuspended 5—1oy particles was tested at 800, 400, 200, roo, and 50 
p.p-m. and data recorded in the nearest proximate column. Data based on an average of 
861.5 lesions on 8 unprotected plants. 


One further experiment was made on particles of different sizes to 
eliminate doubt as to the relative purity of large and small sized fractions. 
It is evident that if samples of <1 and 5 to top particles, for example, 
were reduced to a common size, they should be of identical fungitoxicity 
if they were of identical composition. Such a test was made by taking 
duplicate 200 ml. aliquots of each sample, centrifuging until all particles 
were sedimented, discarding the clear supernatant fluid, dissolving one 
aliquot of each sample in acetone, adding 1 ml. of Emulfor EL and emulsi- 
fying in distilled water by agitation in a Waring blender for ro minutes. 
The second aliquot was resuspended in water with 1 ml. of Emulfor EL by 
agitation for 10 minutes without first dissolving it. 

These four samples were tested in dosage series on quadruplicate tomato 
plants for ability to protect foliage. The data presented in Table VII 
show that the particles of <1p and 5 to row radii had EDg5 values of 60 
and 365 p.p.m., figures which are in fair agreement with preceding data 
(Table VI). The aliquots that had been dissolved in acetone were as nearly 
identical in fungitoxicity as would be expected with EDg5 values of rro 
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and 115 p.p.m. When the data on disease control were plotted on logarith- 
mic-probability paper to obtain these values, good straight line dosage 
curves were obtained except for the lower dosages. The lower dosages gave 
slightly better disease control than would have been anticipated, presum- 
ably because of residual chemical from the preceding series which was in- 
completely washed from the spray gun. The four samples had curves with 
similar slopes, indicating that the mechanism of fungitoxicity probably was 
identical irrespective of particle size. 


DISCUSSION 


The data obtained with dichloronaphthoquinone in these experiments 
are in good agreement with those recorded (4, 6, 7, 12, 13) for sulfur and 
copper fungicides. Apparently the same physical laws operate for organic 
compounds as for inorganic materials. The smaller particles are more 
readily available to the fungus spore because of the large number per unit 
weight or their greater specific surface. 

Dichloronaphthoquinone has been recognized as one of the more potent 
organic fungicides discovered but it has been somewhat expensive to manu- 
facture and it has caused mild injury to some crops at the concentrations 
recommended. By taking advantage of the data described herein, it would 
be possible to blend the material with a suitable diluent and obtain a more 
favorable particle size distribution. The type of diluent had to be chosen 
from those materials that resulted in a particle size predominantly in the 
range of 1 to rou radius since extreme fineness was considered detrimental 
to persistence in an effective protective layer for long periods of time. The 
modified formulation (Phygon XL) was about twice as effective in pro- 
tecting foliage as the more coarse material. Data have been published on 
apple scab (11) showing that 3 lb. of material in this formulation is ap- 
proximately as effective as } 1b. of Phygon per roo gallons of spray mixture. 
This change in physical properties, therefore, was sufficient to make the 
organic compound fully competitive with the cheaper inorganic spray 
materials. At the same time it reduced the density of spray deposit so 
that there was less likelihood of injuring the crop plants. 

These data on particle size focus attention on one of the more serious 
errors in ordinary screening tests for protective fungicides. It is obvious 
that comparative ED50 values on glass slides (Table V) or EDg5 values 
on tomato foliage (Table VI) of a series of organic compounds is only 
relative and not absolute as long as tests are made without regulation 
of particle size to a common unit. 

The major consolation we have at present is that no really good fungi- 
cides have been discovered by other tests after being rejected on the basis 
of these standard laboratory tests. The tests must still be considered as 
reliable, practical screening techniques even though they are deficient in 
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fundamental significance. Those who use these techniques, however, are 
obligated to conduct them in such a fashion as to obtain reproducible re- 
sults. This calls for grinding all test materials to a common size with a 
suitable surface-active agent, a rather impractical application; or dissolv- 
ing them in a water miscible solvent and precipitating them in aqueous 
suspension with suitable emulsifying agents. The latter process is more 
expedient and each material probably precipitates consistently in about the 
same particle size range. 

There is no perfect method for solving the dilemma presented by par- 
ticle size effects in making comparative tests of fungicides. Probably the 
ideal for the glass slide test would be to base ED50 on mols of dissolved 
materials which would necessitate starting all tests at a maximum dosage 
of saturation at 70° F. If particles of undissolved material are available, 
the rate of solubilization as the spore absorbs the fungicides may become 
a dominating factor in determining effective kill. 

The chemical analyses for quality control are often supplemented by 
fungicide tests. This is done because minor differences in chemical com- 
position which are not detected by customary tests may influence biologi- 
cal performance. Often, in the rush to complete bioassays before samples 
are shipped, tests are started on crude batches before grinding. It is obvi- 
ous that errors in grinding may be as serious as deviations in synthesis; so 
some auxiliary test, such as sedimentation rate, should be made to be 
certain that the particle size range is satisfactory. If this is done full confi- 
dence could be placed in a tomato foliage or slide test in which the crude 
product had been completely dissolved in acetone or other non-toxic 
solvent and precipitated in aqueous suspension at a common particle size. 

Theoretically, it should be possible to predict field performance of sam- 
ples of dichloronaphthoquinone that differ in particle size distribution. 
By weighting each class of particles according to its EDg5 value and multi- 
plying by its proportional occurrence, a mean value of performance for 
the sample can be predicted. Additional data on the reliability of such 
calculations will be presented in a subsequent paper. The present data, 
however, are adequate to deduce that a major influence in determining the 
potency of dust-spray formulations was the finer particles of dichloro- 
naphthoquinone produced during blending operations. The data do not, 
however, eliminate the possibility of synergism or reaction between dichloro- 
naphthoquinone and rotenone. There was no suggestion of synergism 
from sulfur or DDT in the field trials. 


SUMMARY 


t. Dichloronaphthoquinone formulated in special all-purpose garden 
dusts with insecticides and sulfur was more effective than pure chemical 
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in preventing the late blight of tomatoes and potatoes caused by Phyto- 
phthora infestans under field conditions. 

2. The special formulations were also more effective in preventing early 
blight of tomato caused by Alternaria solani in greenhouse experiments. 

3. The dichloronaphthoquinone particles in the special formulations 
were smaller than in the parent material. Experiments showed that particle 
size could be altered by grinding with different types of diluents. 

4. There is a direct correlation between the effectiveness of material 
in protecting foliage and the particle size at time of deposition. About 
forty times as much material with a particle size of 20u is required for 
comparable disease control as of tm particles. There was some evidence 
that particles <1 in radius were less effective on glass slides than those 


I to 3. 

5. The results of laboratory screening tests depend, in part, upon the 
size of particles used. This factor should be taken into consideration in 
preparing samples for testing. 
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FLOWERING AND OTHER RESPONSES INDUCED 
IN PIQUERIA TRINERVIA WITH 
PHOTOPERIODIC TREATMENT 


P. W. ZIMMERMAN AND JULIE KJENNERUD! 


Considerable evidence has been developed to show that natural plant 
growth regulators control root, bud, and flower formation of plants. There 
is also evidence that the influence involved is of a chemical nature. Both 
natural and synthetic root-inducing substances are well known. However, 
neither natural nor synthetic bud- and flower-inducing substances have 
been chemically identified. Short day plants, however, afford good material 
to indicate the presence of a flower-inducing influence which appears to 
be of a chemical nature. 

The common stevia (Piquerta trinervia Cav.), of the florists’ trade, is 
a composite which flowers only during the short days of fall and winter. 
The response of this species to photoperiodic treatment has not been 
previously reported. The purpose of this report is to record the require- 
ments for induction of flower buds and some of the associated responses 
when stevia is given various photoperiodic treatments. Of special interest 
are the production of terminal inflorescence only, localization of percep- 
tion, lack of translocation of the stimulus, and the variation of these re- 
sponses from those of other species. 


METHODS AND MATERIAL 


Stevia plants were propagated from cuttings and grown in four-inch 
clay pots. When the young stems were pruned properly two or more 
branches could be made to grow on the same plant. In order to regulate 
light exposure individual branches or leaves can be covered with black 
sateen cloth or aluminum foil. The cloth was used in 1947, 1948, and in the 
early experiments in 1950. Aluminum foil has been used in all recent experi- 
ments. The foil can be pressed into position and need not be tied. Also the 
foil is entirely impervious to light which is not true of cloth. The tempera- 
ture under the foil when the sun was shining was only a few degrees above 
that of the surrounding air. Under black cloth the difference was sometimes 
guel, 

In some experiments the plants were transferred from the greenhouse 
to the dark room for 16-hour periods. The temperature of the dark rooms 
ranged from 35° F. to 50° F. This gave an opportunity to study the effect 
of different temperatures during the dark periods. Artificial light was used 
at night to prevent flowering during the short winter days. This method 
made possible the desired variation in photoperiods throughout the entire 


1 Fellow, sponsored by the American Association of University Women. 
Copyright, 1951, by Boyce Thompson Institute for Plant Research, Inc. 


177 


178 CONTRIBUTIONS FROM BoycE THOMPSON INSTITUTE (VoL. 16 


year. Where photoperiodic treatments lasted for more than five days during 
1950, capping or transfers to the dark room were interrupted for two days 
over the week-end. No attempt was made to control temperature com- 
pletely except when the plants were held in.dark rooms. The greenhouse 
temperature during the winter months was usually 65° to 70° F. at night 
but varied during the day when the sun-shone. 


EXPERIMENTAL RESULTS 


Requirements for flower bud initiation and vegetative branching. The first 
attempts to cause flowering of stevia by shortening the photoperiods were 
made in 1947. The plants were induced to flower by capping the leafy stem 
tips with black sateen cloth from 5:00 p.m. to 8:30 a.m. This provided a 
photoperiod of 83 hours. The capping started on October 14 and was con- 
tinued for 49 days though it was later found that a few long dark periods 
would have sufficed. 

Flowering of terminal shoots or individual axillary branches was. in- 
duced by capping with aluminum fou from 4:30 p.m. to 8:30.a.m., begin- 
ning April 11. Responses induced by this method are illustrated in Figure 
1. The capping was interrupted for two or three periods over the week-ends 
between April 11 and May 8 when the capping was stopped. It was later 
found that the week-end interruptions made little or no difference since 
the first four or five long dark periods were sufficient to induce flowering. 
The figure shows flowering of one large branch which had been capped to 
compare with the control branch on the left. The same figure (right) 
shows one small branch induced to flower by capping with foil for the same 
periods mentioned above. 

The absolute minimum requirements for dark periods have not been 
determined. The results of tests during these experiments, however, showed 
that flower buds were initiated by two 16-hour dark periods with one 
intermittent 8-hour photoperiod. Since the capping treatments started 
at 4:30 p.m. and ended at 8:30 a.m. the photoperiods before the first dark 
period and after the last dark period were shortened by approximately 
three hours. The short photoperiods at the beginning and end of the 
treatments did not appear to affect the initiation of flower buds. The experi- 
ments involving the attempts to determine the minimum requirements for 
dark periods to induce flower buds were started during the long days of 
late spring and repeated during September. The results were the same in 
both tests. The experiments with stevia involved one to five 16-hour dark 
periods with intermittent 8-hour photoperiods. One 16-hour dark period 
did not initiate flower buds and the plants continued in what appeared to 
be a normal vegetative condition. Initiation of flower buds occurred with 
two or more dark period treatments. Though the flower buds could not 
be seen with the naked eye for approximately 15 to 20 days, development 
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FIGURE 1. Effect of capping stevia plants with aluminum foil 17 times for 16 hours 
each with 8 hours intermittent photoperiods. Left, plant with two main shoots showing 
flowering on right branch due to capping; right, plant showing flowering of one small branch 


following capping. 


continued even though the plants were grown under long photoperiods. 

Flowering did not occur when the length of the dark periods was in- 
creased to 22 hours and the photoperiods reduced to two hours. When 
the photoperiods were reduced to four hours with corresponding 20-hour 
dark periods flower buds were initiated as usual. No tests were made with 
3-hour photoperiods. 

As shown in Table I a few flowers were produced by two 16-hour 
dark periods and the number increased with the number of dark periods 
up to five. The flowers were not carefully counted beyond the five dark 
period treatments but the appearance of plants treated for longer periods 
of time indicates that the number of flowers can be increased with con- 
tinued treatments. With long continued dark period treatments vegetative 
growth ceased and the terminal parts of all branches formed flowers (Fig.1). 
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TABLE I 


ToraL NUMBER OF INFLORESCENCES ON MAIN STEM OF PLANTS 95 Days 
AFTER VARIOUS LONG, DARK PERIOD TREATMENTS 


No. of long,,. No. of Av. No. for 
dark periods inflorescences two plants 
I Vegetative 
fo) 
I Vegetative ; 
2 94 
109 
2 123 
8 220 
167 
3 114 
4 220 
205 
4 189 
5 159 : 
237 
5 314 


With five or fewer dark periods the shoots developed some vegetative 
branches in addition to flowers (Fig. 2). However, when the branches were 
fully stimulated and flowering occurred there was no reversion to the vege- 
tative stage. Stevia differs in this respect from several other species with 
terminal flowers such as Salvia splendens, cosmos, and poinsettia as re- 
ported by Roberts and Struckmeyer (6). It can be seen in the illustrations 
that the main shoot as well as axillary branches always produce terminal 
flowers. This is associated with a decrease in the rate of elongation of the 
shoot and an increase in branching (Fig. 2). 

Stevia plants that had been given photoperiodic treatment insufficient 
for complete change to reproductive growth often showed a qualitative 
difference in the two shoots at the same node of an axillary branch, as one 
of the shoots might be vegetative, the other one reproductive. This was 
associated with a difference in size of the leaf where the shoot was produced, 
the vegetative shoot growing in the axil of a larger leaf while the flowering 
shoot appeared in the axil of a much smaller leaf..In cases where the shoots 
were strictly reproductive the leaves at their base were reduced to narrow 
bract-like structures 4 to 5 mm. in length. 

Single long dark periods without short photoperiods were ineffective 
for initiating flower buds. Such test periods lasted from 40 to 232 hours. 
It cannot be said, therefore, that the light periods are not important. In 
another test involving a 32-hour dark period the plants were capped at 
8:00 a.m. after they had received about three hours of natural light; 
the caps were removed at 4:00 p.m. the following day which permitted 
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Ficure 2. Effect of five dark periods 79 days after capping one stevia branch with 
foil. The treated shoot (right) shows mixed flowering and non-flowering branches and de- 


crease in elongation in contrast with control (left). 
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approximately three hours of light in the evening. Therefore, two 3-hour 
light periods with one long intermittent dark period did not induce flower 
buds. Two long dark periods interrupted by one, two, or three intermittent 
natural nights in late May did not initiate flower buds. Also, in this case 
no vegetative branching occurred. 

Localization of perception and translocation of the influence. Flowering 
occurred only on the capped portion of branches. The first flowers came 
on the terminal part of the branch and there was no translocation of the 
“flowering influence’? beyond the capped parts. 

In some tests the lower portion of a branchless stem 2 to 4 inches below 
the tip was covered for five periods of 16 hours each with intermittent 
8-hour light periods. Other covered stems had axillary branches in the lower 
part when the experiments started. In such cases flowering occurred on 
the branches, but not on the terminal part above the covered region. 
In some experiments, however, where the tip was defoliated a few flowers 
appeared above the covered part. 

Capping of shoots always involved four or more pairs of leaves. The 
uppermost leaves were barely visible when the experiment started. These 
treatments always caused flowering at the tip even though the largest of the 
covered leaves was not fully developed. No flowers occurred below the 
capped part. When the entire plant was given short day treatments the 
response was more or less systemic but when only a terminal shoot was 
capped with aluminum foil the response was local. There was no apparent 
translocation of the stimulus from a treated branch to an opposite control 
branch. 

Receptor organs. Initiation of flower buds was induced by covering a 
single leaf of a shoot. When the second, third, or fourth leaf below the tip 
was covered with foil for nine 16-hour dark periods with 8-hour inter- 
mittent photoperiods, flowering occurred. This proves that the leaf is the 
receptor organ and since the flower buds were initiated at the tip of the 
shoot the ‘flowering influence’’ was translocated up to the growing point. 
There was no indication that the influence ever moved downward. The 
age of the leaf or the distance the stimulus could be translocated was 
important. Covering the fifth leaf below the tip did not cause flowering 
during these experiments. There still remains a possibility that covering 
both leaves at the fifth node might induce flowering. 

Temperature effects during treatment. The effects of low temperature 
during the dark periods were tested by placing plants in dark rooms at 
35°, 40°, and 50° F. These plants were compared with others capped with 
aluminum foil in the greenhouse held at 65° F. or higher. 

In general, results showed that induction of flowers does not take place 
when plants are in the dark at 35° F. and that the number of flowers per 
plant increased with temperature up to 70° F. Also the number of flowers 
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per plant increased with the number of 16-hour dark periods up to nine 
which was the longest time any of the plants were subjected to photo- 
periods during this experiment. Five dark periods were near the minimum 
required at 50° F. Nine dark periods induced flower buds at 40° F. Flower- 
ing occurred on the plants at high temperature within 21 days. Longer 
time was required for plants treated at 50° F. and still longer for those 
treated at 40° F. Table II shows the number of flowers produced under 
the different temperature conditions. Figure 3 shows the effect of dark 
periods and various temperatures on the branching habit and number of 
flowers induced. 

Influence of photoperiods on branching habit. Branching of stevia has in 
most cases been associated in some way with induction of flower buds. This 
response is illustrated in Figure 2. However, it has been possible to induce 
branching without initiating flower buds. This was done with black cloth 
not entirely impervious to light. It is not clear whether branching with- 
out associated flowering is due to a low magnitude of the stimulus or 
whether two or more different influences are involved. In general, stevia 
shoots exhibit a strong apical dominance. When the tip is removed two 
strong shoots grow from the first node and two weaker ones from the sec- 
ond node. These shoots prevent growth from nodes farther down on the 
stem. Under natural conditions the plants produce many shoots preceding 
the flowering period in December. Under extra light, however, the develop- 
ment of axillary shoots ceased when they had reached a length of { to $ 
inch. 

PAB EE Sh 


EFFECTS OF TEMPERATURE DURING DARK PERIODS ON NUMBER OF BUDS 
AND INFLORESCENCES PER PLANT 78 DAYS AFTER TREATMENT STARTED 


No. of buds and inflorescences 
Temperature, after 5 or 9 dark treatments 
degrees F. - — 

5 9 
35 ° ° 
40 fo) Io 
5° 3 150 
65-70 | 438 320 


Capping for five nights of four nodes below a point about two inches 
under the tip caused neither branching nor flowering when the rest of the 
plant was kept in long days. However, if the long day tip was defoliated, 
branching was evident after about 14 days both in the short day part and 
at the defoliated tip (Fig. 4). With the tip above the capped part held in 
continuous darkness during treatment and for the following 7 days, branch- 
ing occurred in the short day part only and not at the tip, regardless of 
whether the tip was defoliated or not. 
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FIGURE 3. Effect of temperature on flowering of stevia while exposed to five and nine 
dark periods. A. Plants treated while at 50° F. for five periods (left) and nine periods 
(right). B. Treatment same as ‘‘A”’ except temperature was 40° F. C. Plants given nine 
dark periods while at different temperatures; left to right, greenhouse temperature (65° to 
75° F.), 50° F., 40° F., and 35° F. No flowers were induced at 35° F. 
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DISCUSSION 
Among the short day plants the Biloxi soybean (Glycine max Merr.) 
and the cocklebur (Xanthium canadense Mill.) have been the subject of 
numerous investigations concerning their responses to photoperiodic treat- 
ment. Though both of them are short day plants they differ from each 
other in several respects; as, for example, their minimum requirements 


r 


FiGuRE 4. Effect of defoliating the terminal five nodes and covering the stem below 
as indicated by arrows. Left, terminal nodes not defoliated; right, terminal nodes were 


defoliated. Note induced branching. 


for photoinductive treatment, the location of the meristem that first 
changes from vegetative to reproductive growth, and the readiness with 
which the stimulus is translocated within the plant. 

Initiation of flowers in the Biloxi soybean may result under ideal condi- 
tions from two short photoperiods (5); in the cocklebur from one, or even 


from one single long dark period unaccompanied by a short photoperiod 
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(3, 4). Also in the stevia one short photoperiod will cause flower formation, 
provided the photoperiod is not too short. 

A soybean, produced under long day conditions, then subjected to two 
to four short photoperiods and thereafter returned to long days, will form 
a few flower primordia in the axil of leaves that are third or fourth from the 
tip and then resume the production of vegetative structures. The axils 
where the change takes place have newly organized meristems that have 
not yet differentiated the primorida of any vegetative leaf. With pro- 
longed short day treatment the apical meristem of the main axis may be 
caused to form flower primordia, but remains intact and does not change 
into flowers, even if it discontinues the formation of new structures (4, 5). 

With cocklebur the first recognizable effect is an enlargement of the 
terminal meristem itself, which quickly develops into male flowers. Male 


TABLE III 


AVERAGE NUMBER OF FLOWERS PRODUCED ON EAacH NODE OF STEVIA PLANTS 
RECEIVING DIFFERENT NUMBER OF DARK PERIODS; CouNTS TAKEN 95 
DAYS AFTER TREATMENT STARTED 


No. of flowers after 2, 3, 4, and 5 
Location of node dark treatments 
below the tip 

2 3 4 5 

I 44 48 77 46 

2 29 61 46 39 

3 ° 35 13 35 

4 ° fo) 6 41 

5 ° ° 50 65 

6 36 23 13 II 

7 fo) ° ° ° 
Total 109 ' 167 205 237 


inflorescences are also formed on axillary buds but only by meristems that 
have already formed primordia of vegetative leaves. The female inflo- 
rescences normally arise from axillary meristems that have not formed 
vegetative leaf primorida (4). 

In the stevia there is an indication that with few photoperiods flower 
primordia are formed only from meristems that have differentiated vegeta- 
tive structures. The inflorescences are always terminal, and when the pho- 
toperiodic treatment is near the minimum for flower induction the distribu- 
tion of flowers at the different nodes seems to follow a certain pattern. 
As can be seen from Table III the plants that received two or three long 
dark periods had some nodes where the axillary shoots were strictly vege- 
tative. The next node below had flowers, while no flowers appeared lower 
down. Further, the uppermost of the nodes with vegetative shoots was the 
last one at which the leaves reached full normal size. These effects also 
were observed on plants exposed to low temperature during the dark 
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periods. By examination of a vegetative shoot under a dissection micro- 
scope usually two pairs of leaves are found above the last one that can be 
seen with the naked eye. In most cases after photoperiodic treatment no 
more leaves were formed beyond these pairs, or at least such leaves did 
not reach the full size. The nodes mentioned above were the ones that had 
the longest axillary shoots. With more long dark periods also these shoots 
developed flowers. This may be an indication that an axillary meristem must 
reach a certain age before it is able to form flower primordia. Thus the 
axillary meristems at the single low node where flowers developed would be 


FiGuRE 5. Effect of covering different parts of cocklebur shoots. Right, entire plant 
flowered after right branch was covered for eight 16-hour dark periods; left, one branch 


(right) only flowered after one leaf (second from tip) was covered for eight dark periods. 


advanced enough to respond to the stimuli while the ones above were too 
young. However, they would come to the right stage during prolonged 
treatments. There is also a possibility that the increased amount of 
stimulus formed during the longer treatment may cause induction also in 
the younger meristems, similar to what happens in the soybean under the 
same conditions. 

In cocklebur the stimulus is easily transmitted both up and down the 
stem and from a short day branch to a non-treated branch on the same 
plant (3). When Xanthium was tested by the present authors, it was found 
that if one entire branch was covered, the influence became systemic, 
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extending to other branches. If, however, one leaf was covered, the influ- 
ence did not extend beyond the branch holding the treated leaf (Fig. 5). 
In the soybean transfer to a non-treated branch does not take place unless 
the receptor branch is defoliated (1). If the lower part of a Klondike cos- 
mos (Cosmos sulphureus Cav.) plant is kept under short days, translocation 
of the flowering stimulus to the upper part can take place if this part is 
kept in continuous darkness (2). In stevia, translocation to a long day 
branch was never observed, not even in a few cases where the receptor 
branch was defoliated. Nor did a branch change to the flowering stage by 
being kept.in continuous darkness during five nights of photoperiodic 
treatment of a short day branch. Translocation up or down the stem did not 
seem to take place in general except perhaps across very short distances. 
When the fourth leaf below the tip was covered to afford five dark periods 
the flowering stimulus was transmitted to the terminal growing point. 
When a whole plant was given short day treatment, flowers formed only 
at the stem terminal and in the axils of the very young leaves which were 
not even developed to half of full size at time of treatment. The small 
axillary shoots in the lower part remained vegetative and did not elongate. 
Larger axillary shoots near the base of the plant flowered if they were given 
short days with the rest of the plant. It was assumed, however, that these 
shoots were induced by their own leaves and did not receive the stimulus 
from the main stem. 

Branching in the tip region was usually the first sign of macroscopic 
response to short day treatment of stevia. This effect may be related 
with changes in the apical meristem which is a consequence of the treat- 
ment and reduces the apical dominance. However, branching was not al- 
ways correlated with flowering as branching sometimes was the only re- 
sponse to short day treatment. When the treatment was inadequate for 
flowering, branching sometimes occurred after which the tip continued 
vegetative development without any further branching. In a single case 
branching even took place at a few nodes on a control plant, kept exclusive- 
ly on long days. As stated earlier, there may be considerable relationship 
between apical dominance and branching especially when the photoperiodic 
stimulus is of a magnitude too low for the induction of flower primordia. 


SUMMARY 


Stevia plants were given photoperiodic treatments by placing in dark 
rooms, capping with black cloth, or covering with aluminum foil. In most 
cases the dark periods were 16 hours long, lasting from 4:30 p.m. until 
8:30 a.m. 

Flower induction occurred from two or more 16-hour dark treatments 
with intermittent 8-hour light periods. Floral development persisted under 
long day conditions after the treatments were stopped. The number of 
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inflorescences increased with the number of long dark periods while the 

development of vegetative structures on flowering branches decreased 

under the same conditions. 

The response to short day conditions was local as shown by the fact 
that only the treated branches of the plants produced flowers. There was 
no apparent translocation of the stimulus to non-treated branches. The 
stimulus, however, was transmitted from the second, third or fourth leaf 
below the tip to the growing point above. 

The temperature prevailing during the dark periods was found to have 
a strong influence on initiation of flower primordia. At 35° F. the plants 
remained vegetative even after nine long dark periods; at 40° F. five dark 
periods were ineffective while nine caused a few flowers to be initiated; 
at 50° F. five long dark periods were near the minimum, and the number 
of flowers increased with the number of treatments up to nine. 

Branching of the terminal region always occurred when the plants 
flowered. However, branching was not always associated with flowering. 
This was probably due to inadequate photoperiodic treatment, and the 
response suggests that more than one influence ts involved. 

The responses of stevia were discussed and compared with those of 
other species. 
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HERBICIDAL PROPERTIES OF SODIUM 2,4-DICHLORO- 
PHENOXVETOYLASULEATE 


LAWRENCE J. Kine, J. A. LAMBRECH,! AND THomas P. FINN 


INTRODUCTION 


In controlling weeds, particularly annual weeds in cultivated soils, 
a logical approach has been the application of chemicals to the soil surface 
to destroy germinating weed seeds. A number of chemicals have been used 
for this purpose but the growth-regulating chemicals appear to have first 
been used by Slade, Templeman, and Sexton in 1945 (1, 20). Following 
the discovery of the growth-regulating properties of 2,4-D by Zimmerman 
and Hitchcock in 1942 (24) widespread interest developed in this and 
related compounds. In 1946 three groups of workers (2, 9, 17) demonstrated 
that 2,4-D prevents the growth of germinating weed seeds when applied 
to the soil, and since that time many workers have investigated the feasi- 
bility of its use on crops in this manner. One of the major limitations of 
2,4-D for this purpose is that it may cause serious damage to emerged or 
emergent crop plants since it is readily adsorbed through leaf surfaces as 
well as through the roots. Another handicap in its use is the hazard to 
nearby sensitive plants from drifting spray. 

This paper is concerned with sodium 2,4-dichlorophenoxyethyl sulfate,” 
an effective new chemical for use as a soil treatment, which has the unique 
property of being non-injurious to plants when sprayed or dusted directly 
on the foliage at the concentrations that will kill seedlings in the soil. 
Therefore, injury by contact with foliage, either to crops in fields being 
treated, or in adjoining fields as a result of drift, is minimized. 


MATERIALS AND METHODS 
PHYSICAL PROPERTIES AND TOXICOLOGY 


Sodium 2,4-dichlorophenoxyethyl! sulfate, 


Vaan 
2 See, O CH, O SO3Na, 


is a stable, non-volatile, white, crystalline solid which melts at 170° C. 
It is readily soluble up to 25 per cent by weight in distilled water at room 


1 Research chemist, South Charleston, West Virginia Laboratory, Union Carbide and 
Carbon Chemicals Corporation. Grateful acknowledgment is given to Dr. R. H. Wellman 
and to Dr. L. P. Miller for assistance and advice during the course of these investigations. 

2 This chemical has been distributed to a number of investigators as Experimental 
Herbicide 1 by Carbide and Carbon Chemicals Division, Union Carbide and Carbon Corpo- 
ration, 30 East 42nd Street, New York 17, N. Y. 


IQI 
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temperature. It is sufficiently soluble in hard water, containing 260 p.p.m. 
of calcium carbonate, to make a 4 per cent solution. 

The LDso of sodium 2,4-dichlorophenoxyethyl sulfate determined by 
single oral doses to rats is 1.4 g. per kilogram of body weight; this is a 
moderate acute oral toxicity. In the 4-hour rabbit belly skin irritation test 
a ro per cent aqueous solution gave a highly irritative action. A 1 per cent 
aqueous solution on the rabbit eye produced no harmful effects; an excess 
of a 5 per cent solution caused corneal necrosis.* 


GENERAL METHODS EMPLOYED 


Greenhouse plants were sprayed on a turntable either with a DeVilbiss 
spray gun (Type CH 6-2041) or a small bottle atomizer, according to the 
methods of McCallan and Wellman (15, 16). Spray applications on the 
small field plots (12X12 ft.) were made with a hand-operated 3-gallon 
Hudson CO, pressure sprayer. Applications on 0.1 acre plots were made 
with a tractor-drawn Kupfer power sprayer. This sprayer had a 20-foot 
boom with nozzle spacing of 9 inches. Sprays were applied with the boom 
about 12 inches above the ground. The sprays were generally applied at 
a pressure of 30 lb. per square inch, at the rates specified in each of the 
experiments. 

In the laboratory tests, refined sodium 2,4-dichlorophenoxyethyl sulfate 
was generally used. In the field experiments production batches of approxi- 
mately 90 per cent purity were employed.’ For comparative studies the 
sodium salt of 2,4-dichlorophenoxyacetic acid was used in the laboratory 
tests and the triethanolamine salt in field experiments. 


LABORATORY RESUE TS 
RESPONSES WHEN APPLIED TO ABOVE-GROUND PORTIONS OF PLANTS 


Applications of this chemical in aqueous solution or dust form to the 
foliage of such plants as tomato, induce little or no epinastic or formative 
effects. The results of a spray test comparing the effect of sodium 2,4- 
dichlorophenoxyethy! sulfate and the sodium salt of 2,4-D at concentra- 
tions of 10, 100, and 1,000 p.p.m. on potted tomato plants (Lycopersicon 
esculentum Mill. var. Bonny Best) are shown in Figure r A and B. It can 
be seen that 2,4-D was highly injurious at all concentrations, while the 
new herbicide was relatively non-injurious. About 8 days following spray- 
ing the new leaves showed some slight formative effects with the latter 
spray at o.1 per cent. A similar test where the height of the plants was re- 
corded after 11 days showed that 2,4-D at the same concentrations reduced 
growth to 4, 30, and 63 per cent of that of the controls, as compared to 93, 
r11z, and rig per cent for the new herbicide. 


* Toxicological data from the Industrial Hygiene Fellowship, Mellon Institute, Pitts- 
burgh, Pennsylvania, 
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C 


FiGurE 1. Comparative responses of tomato plants to spray applications of sodium 
(A) and sodium 2,4-dichlorophenoxyethyl sulfate (B), and to 


2,4-dichlorophenoxyacetate 
and B. 4 days after spraying. Left to right: control, 1,000, 


dust applications of both (C). A 
too, and 10 p.p.m. C. Dusts at 1.0 per cent applied to single leaves. Left to right: control, 
Na 2,4-D, and sodium 2,4-dichlorophenoxyethyl sulfate, 6 days after treatment. 
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Since sodium 2,4-dichlorophenoxyethyl sulfate could be applied in 
dust form for weed control, it was of interest to determine whether dusts 
containing this chemical or 2,4-D would behave as differently as sprays. 
Either the entire tops or single leaves were dusted with preparations con- 
taining 1.0 or 0.1 per cent of the active ingredient in pyrophyllite. The soil 
surface was protected from contamination by using a paper disk. When 
single leaves were dusted they were enclosed in cellophane bags to prevent 
the dust from spreading to other parts of the plants. At both concentrations 
Na 2,4-D dusts produced marked epinastic responses, while no such effects 
were observed with sodium 2,4-dichlorophenoxyethy! sulfate dusts. The 


FIGURE 2. Responses of excised tomato plants eight days after immersion in solutions 
of Na 2,4-D (A), and sodium 2,4-dichlorophenoxyethyl sulfate (B). Left to right: control, 
100, 10, and r p.p.m. 


results of an experiment where single leaves were dusted appear in Figure 
rin Ge 

The leaf immersion technique (11) was also used to compare the two 
compounds. A solution containing 500 p.p.m. of Na 2,4-D gave strong epi- 
nastic responses while a 1,000 p.p.m. solution of sodium 2,4-dichlorophen- 
oxyethyl sulfate gave no such response in the same test. However, the latter 
compound caused brown necrotic areas in some of the leaflets in the top 
portions of the plant indicating that it had entered through the immersed 
leaflet. 

The excised tomato plant technique of Zimmerman and Hitchcock (23) 
offered still another way to compare these two chemicals. Figure 2 shows 
such a comparison at concentrations of 1, 10, and 100 p.p.m. The highly 
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toxic effect of 2,4-D is evident even at 1 p.p.m. while the new herbicide 
produced only slight leaf injury at 100 p.p.m. and no injury at lower con- 
centrations. 


EFFECT OF SOIL ON HERBICIDAL PROPERTIES 


When this new herbicide was tested in aqueous solutions in Petri dishes 
for effects on germination of radish (Raphanus sativus L. var. Red Globe), 
lettuce (Lactuca sativa L. var. Imperial 44), Italian rye grass (Lolium mul- 
tiflorum Lam.), or sweet corn (Zea mays L.) little toxicant action was noted 
at o.I or o.o1 per cent. These results are in agreement with those given 
above. However, in tests in soil in the greenhouse this new herbicide was 
practically as toxic as Na 2,4-D against germinating seeds. 

Using the cucumber root suppression test (19), a series of cultures was 
set up in which the effects of roo p.p.m. of sodium 2,4-dichlorophenoxy- 
ethyl sulfate were studied with and without 5 grams of soil and with and 
without sterilization prior to planting of the cucumber seeds. Twenty- 
five seeds of cucumber (Cucumis sativus L. var. Davis’ Perfect) were placed 
on filter paper in 6-inch Petri dishes to which 20 ml. of solution had been 
added. The cultures were maintained at 21° C. for five days after which 
root lengths were measured. Roots were greatly inhibited only in the 
presence of non-sterilized soil (Fig. 3), thus indicating that biotic action 
may be involved. 

A series of culture dishes with soil (5 g. per dish) and sodium 2,4-di- 
chlorophenoxyethyl sulfate at 100 p.p.m. were prepared and maintained 
at 21° C. After 0, 3, 6, 9, 24, and 48 hours sets of duplicates were removed 
and autoclaved immediately. Then 25 cucumber seeds were planted in 
each dish, as well as in a non-sterilized set. After five days the roots of 
each series were measured and the data for the time periods listed were 2.9, 
0.7, 0.6, 0.5, 0.4, and o.2 cm. respectively. It is evident that most of the 
action took place in the first three hours. 

From the results of the above tests, an explanation may be found for the 
fact that when either sodium 2,4-dichlorophenoxyethyl] sulfate or Na 2,4-D 
is applied in aqueous solutions to the soil surface of potted tomato plants 
strong epinastic responses are produced. In experiments in which the new 
herbicide and Na 2,4-D were added to the soil in a concentration series 
to single tomato plants (ro), growth measurements and dry weights 
showed that, at concentrations necessary for weed control, both chemicals 
had markedly injured the highly sensitive tomato plants. The new herbi- 
cide was not as injurious as Na 2,4-D at the same concentrations; for 
example, at o.5 Ib. per acre the dry weight of Na 2,4-D treated tomatoes 
was approximately 50 per cent of untreated controls while the weight 
of tomato plants treated with 2,4-dichlorophenoxyethyl sulfate was gr 
per cent of the controls. Height measurements in another experiment 
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gave similar results. Figure 4 shows the difference in response to the two 
chemicals. It is readily apparent that Na 2,4-D has considerably greater 
toxicity to the tomato plants than the new herbicide. The latter material, 
while producing epinastic responses when taken up by tomato plants 
from the soil, appears to be non-injurious to the growing point and re- 
covery from formative effects generally follows from such treatments. 


FIGURE 3. Effect of sterilization of soil on its ability to activate sodium 2,4-dichloro- 
phenoxyethyl sulfate (100 p.p.m.) as shown by the retardation in growth of the roots of 
cucumber seedlings grown in Petri dishes. Left: control; right: sodium 2,4-dichlorophenoxy- 
ethyl sulfate. A. Sterilized series without soil..B. Non-sterilized series without soil. C. Steri- 
lized soil series. D. Non-sterilized soil series. 


EXPERIMENTS WITH GERMINATING SEEDS 


In a test conducted in greenhouse seed flats (1.6 sq. ft. in area) in which 
a representative group of small seeds was planted, sodium 2,4-dichloro- 
phenoxyethyl sulfate and Na 2,4-D were applied to the soil surface at 
rates of 1, 2, 4, 8, and 12 lb. per acre three hours after planting. The 
germination data recorded 18 days later are given in Table I. It is evident 
that in soil in the greenhouse these two chemicals are about equally toxic 
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TABLE I 
GERMINATION OF FIVE SPECIES OF SEEDS* FOLLOWING APPLICATION OF SODIUM 2,4- 
DICHLOROPHENOXYETHYL SULFATE OR SODIUM 2,4-DICHLOROPHENOXYACETATE IN 
AQUEOUS SOLUTIONS TO THE SOIL SURFACE OF GREENHOUSE FLATS 


ay ; Percentage germination 
Chemical | Lb. per acre |—— ——_—-— 
| ce . . = 
Tomato Beet Onion Spinach Rye grass 
I 86 17 70 23 96 
Sodium 2,4-dichloro- 2 60 t3 47 20 : 
phenoxyethyl sulfate | 4 3° ue) 20 23 3 
Sat | 5 7 ) 13 ° 22 
12 23 fe} 7 fe} 28 
2 100 3 47 13 Q2 
‘el - . y) { »Q 
Sodium 2,4-dichloro- *s s iN 27 7 ee 
phenoxyacetate 4 3 3 33 17 32 
3 5 33 fe) 17 fo) 22 
12 ai fo) 7 re) 4 
Control ° I0O 33 73 50 100 


* Thirty seeds of tomato, beets, onions, and spinach, and 50 of rye grass were planted. 


to small seeds. In a preliminary series of tests with large-seeded crops 
such as dent field corn (Zea mays L.), peas (Pisum sativum L.), and snap- 
beans (Phaseolus vulgaris L.) planted in greenhouse flats and treated three 
days following planting with the above two chemicals each at 5 Ib. per 
acre, practically too per cent germination was obtained. Later field tests, 
however, have shown that sodium 2,4-dichlorophenoxyethy] sulfate had 
best be applied to such large-seeded crops as sweet corn as the seedlings 
are pushing through the soil, or to established plantings of such crops 
as asparagus or strawberries. 


FicureE 4. Responses of tomato plants 24 hours after the application of 50 ml. of herbi- 
cide solutions to the soil surface. Left to right: control, Na 2,4-D at 10,000 and 5,000 p.p.m., 
sodium 2,4-dichlorophenoxyethyl sulfate at 10,000 and 5,000 p.p.m. 


RESIDUAL ACTION OF THE NEW HERBICIDE IN GREENHOUSE TESTS 


The use of sodium 2,4-dichlorophenoxyethyl sulfate in the soil for 
weed control raised the question of just how long this chemical might per- 
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sist in an active form in the soil. A preliminary test was set up in which 
applications of this chemical at rates of 1 and 10 |b. per acre were made to 
the surface of soil in greenhouse flats. Eleven days after these applications 
lettuce seed was planted in the flats. Only 4 per cent germinated at the 
1 lb. rate, and none germinated at the ro lb. rate. Another planting of 
lettuce was made in the same flats 30 days following the initial chemical 
application. At this date germination averaged about 80 per cent which 
was practically the same as in the control planting. Thus, under the condi- 
tions of this test sodium 2,4-dichlorophenoxyethyl sulfate exhibited no 
toxic properties to germinating lettuce seeds 30 days after application. 
This would indicate that the chemical had been rendered inactive in the 
soil during this period of time. 


TAB ERS 


RESIDUAL ACTIVITY OF 2,4-DICHLOROPHENOXYETHYL SULFATE AND SODIUM 2,4-DICHLORO- 
PHENOXYACETATE AS DETERMINED BY THE GERMINATION OF TURNIP SEEDS (VAR. 
WuitE GLOBE) PLANTED AT VARIOUS INTERVALS FOLLOWING THE APPLICA- 

TION TO THE SOIL SURFACE OF GREENHOUSE FLATS 


Raton Percentage germination of turnip seeds planted 
Ghent ipener on various days following treatment 
acre 
° 3 6 9 12 
Sodium 2,4-dichloro- 13 Te 41 48 60 Tal 
phenoxyethyl sulfate 3 ° 29* 54” nee 88 
Sodium 2,4-dichloro- 13 via 39. 48 47 81 
phenoxyacetate B ° Tow 48* a0" 85 


* Seedling development retarded. Seed germination in the control was roo per cent. 


Another test involved the application of each chemical to the soil in 
small greenhouse flats at the rate of 13 and 3 lb. per acre. Approximately 50 
turnip (Brassica rapa L. var. White Egg) seeds, determined by weight, 
were sown in the flats the same day and at 3-day intervals over a 2-week 
period. The results appear in Table II. Practically all of the seeds that 
were planted on the day of treatment (0 days in the table) were killed by 
both chemicals, after 6 days at the 3 lb. rate about 75 per cent of the seeds 
were killed, after 9 days about 50 per cent of the seeds were killed, and 
after 12 days practically all of the seeds germinated. There thus appears to 
be no great difference between the rate of disappearance of the new herbi- 
cide and Na 2,4-D. 


TESTS OF COMPOUNDS RELATED TO SODIUM 2,4-DICHLOROPHEN- 
OXYETHYL SULFATE 


Data on the root suppression of cucumber seeds by a series of com- 
pounds related to sodium 2,4-dichlorophenoxyethyl sulfate are presented 
in Table III. The chemicals were used at a concentration of 10 p.p.m. in 


1950] KinG, LAMBRECH & FINN—NEw HERBICIDE 199 


the presence and in the absence of 5 grams of soil per dish. In aqueous solu- 
tion at this concentration all of these compounds exhibited inactivity simi- 
lar to that of the new herbicide. However, in the presence of soil the root 
growth was greatly suppressed. This would indicate that all are active 
in the presence of soil. 


TABLE Tit 


EFFECT OF COMPOUNDS (AT 10 P.P.M.) RELATED TO SODIUM 2,4-DICHLOROPHENOXYETHYL 
SULFATE ON THE Root GRowrH OF CUCUMBER SEEDS IN PETRI 
DISHES WITH AND WITHOUT SOIL 


Without soil With soil 
Compound M a Av. Percent- Av. Percent- 
: growth age of growth age of 
in cm. control in cm, control 
Sodium 2,4-dichlorophenoxy- 
ethyl sulfate 190 3.05 96.2 0.41 BORG 
Sodium 2,4,5-trichlorophenoxy- 
ethyl sulfate 242 2) .27 es) 0.50 Be 
Morpholine 2,4-dichloro- 
phenoxyethyl sulfate 102 Boas OI 7) 0.46 3453 
Ammonium 2,4-dichlorophenoxy- 
ethyl sulfate 273d @ Loy) 96.8 0.42 Bit. 6 
Calcium 2,4-dichlorophenoxy- 
ethyl sulfate 225d 2.73 86.1 0.46 Bdae 
Triethanolamine 2,4-dichloro- 
phenoxyethyl sulfate 165 2.90 ol.4 0.45 ASS 
Sodium 4-chlorophenoxyethyl 
sulfate | 225d Da SiS 80.4 Q250 Brie) 
Control 2 iy 100.0 i aya. 100.0 


FIELD: RESULTS 


Following the disclosure of the unique properties of sodium 2, 4-dichloro- 
phenoxyethyl sulfate, a large number of tests under a wide variety of field 
conditions have been conducted with this chemical. Sprays applied at 
many different times with respect to the appearance of the weeds or the 
crop have been investigated. The widely used term pre-emergence has not 
been employed in this paper. Pre-emergence treatments have been defined 
as the applications of chemicals to control weeds following planting but 
prior to crop emergence whether or not weeds have emerged (8). As such 
it is distinguishable from preplanting treatments. A further subdivision 
of pre-emergence has become necessary to distinguish between applica- 
tions made before or after the germination of weeds. The term residual 
pre-emergence has been suggested (3) for the application prior to the 
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emergence of weeds. However, the term soil treatment seems preferable 
for this latter method, and is used in this paper. The status of pre-emer- 
gence weeding has been recently reviewed by Willard (22). Various forms 
of 2,4-D, particularly the amine salts, have been widely used in all of 
these methods of weed control (4, 8, 14). In addition, certain derivatives 
of dinitrophenol have been reported successful as soil treatment applica- 
tions for weed control (3). 

Stahler (21) in South Dakota has noted that sodium 2,4-dichlorophen- 
oxyethyl sulfate in pre-emergence tests at 2 and 4 lb. per acre had some 
injurious effect on flax and soybeans but still indicated a need for further 
testing at other rates. He found that this chemical demonstrated a greater 
degree of crop species selectivity than any of a number of the newer herbi- 
cides included in the tests. Applications on an established stand of alfalfa 
gave good control of annual weeds and no injury to the alfalfa (6). 

Since aqueous solutions of sodium 2,4-dichlorophenoxyethyl sulfate 
are practically non-toxic to plant foliage, sprays of this chemical may be 
used in established plantings for weed control. Tests in New Jersey by 
Gilbert and Wolf (7) on strawberry plantings have shown good weed con- 
trol without injury to the strawberry plants. The application of 3 and 6 lb. 
per acre to a planting of the variety Sparkle in late spring gave excellent 
control of weeds for a period of six weeks when applied immediately follow- 
ing complete tillage. Summer applications of 3 and 6 lb. per acre (on August 
17) to a planting of 11 strawberry varieties immediately following a 
thorough hoeing gave excellent control of weeds, particularly chickweed 
(Stellartia media) for six weeks with no apparent injury to the strawberry 
plants. It was not until eight weeks after the sprays had been applied that 
a new crop of chickweed seedlings began to appear. However, at this time 
the control plots were completely overgrown with chickweed. Further 
confirmatory studies have been made by Puffer and Aldrich (18). In straw- 
berry plantings in Michigan Carlson and Moulton (5) have obtained good 
weed control without crop injury in tests with the new herbicide. 


WEED CONTROL IN SWEET CORN 


A series of tests were made on sweet corn plantings employing small 
plots (12 X 12 ft.) at the Institute farm in Yonkers and larger plots at the 
Seabrook Farms near Bridgeton, N. J. A replicated test was made in a 
field heavily infested with seeds of crab grass (Digitaria spp.) and purslane 
(Portulaca oleracea L.) with sodium 2,4-dichlorophenoxyethyl sulfate ap- 
plied at the rate of 2 lb. per acre and the triethanolamine salt of 2,4-D 
at 1 lb. per acre. Applications were made three days and 14 days after 
planting. As shown by the data in Table IV sodium 2,4-dichlorophenoxy- 
ethyl sulfate gave better control of both broad-leaved weeds and grasses 
than did 2,4-D without injuring the corn or suppressing growth materially 
as measured by the green weight of tops go days after application. 
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In the tests at Seabrook Farms sodium 2,4-dichlorophenoxyethyl 
sulfate and the triethanolamine salt of 2,4-D were sprayed on plots of 
sweet corn (var. Golden Cross) at 0, 4, and 7 days after planting on July 
28. The corn was emerging 4 days after planting, and at 7 days it was 
approximately four inches tall. Each plot contained six rows of corn, 200 


TABLE IV 


WEED CONTROL IN GOLDEN Cross SWEET CoRN SPRAYED THREE AND 14 
Days AFTER PLANTING WITH SODIUM 2,4-DICHLOROPHENOX YETHYL 
SULFATE OR THE TRIETHANOLAMINE SALT OF 2,4-D* 


; No. weeds per sq. ft. Corn yield 
: Rate in ie as green wt. 
Chemical Ib. per Broad- G n Pau, of tops in 
acre leaved E aa See lb. per 
weeds BeOS plot 
Sodium 2,4-dichloro- 
phenoxyethyl sulfate 2 5.8 oe None Ban 
2,4-D Triethanolamine 
salt (40% acid) I Dien 54-4 Slight 54.0 
Control ° 128.0 116.6 None 58.5 


* Tops harvested from 30 feet of row in a single replicate 90 days after planting on 
July 5, 1940. 


feet long. Water solutions of both materials were applied at the rate of 
3, 1, 2, and 3 lb. per acre in 4o gallons of water. Weed counts were taken 
28 days after planting by counting the number of broad-leaved and grass 
weeds in a 6-inch square over 24 randomized sections of the plot. Results 
are expressed as number of weeds per sq. ft. and recorded in Table V and 
illustrated in Figure 5. It will be realized that a weed population as heavy 
as that shown in Figure 5 for the untreated control may offer, even after 
cultivation, serious competition to the corn at a later stage of development. 

The best control of both broad-leaved and grass weed species was 
obtained when the applications were made four days after fitting. The 
broad-leaved weeds, principally lamb’s quarters (Chenopodium sp.), were 
effectively controlled by both herbicides at all intervals. Crab grass (Digt- 
taria spp.), however, was best controlled when incipient germination oc- 
curred over a period of several days before the herbicides were applied. 
Twenty per cent more crab grass was controlled when application of both 
herbicides was delayed until four days after planting. It was also noted 
that sodium 2,4-dichlorophenoxyethyl sulfate at 2 and 3 lb. per acre gave 
satisfactory control of crab grass when applied seven days after planting, 
whereas the amine salt of 2,4-D at 4 and 1 lb. per acre of acid equivalent 
did not control crab grass effectively when applied at this time. An exami- 
nation of the corn plants did not reveal any injury or physiological effects 
except in the plot treated with 2,4-D amine salt at 1 Ib. per acre seven 
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FiGuRE 5. Weed control in sweet corn (var. Golden Cross) following a 2 lb. per acre 
application of sodium 2,4-dichlorophenoxyethyl sulfate in plots at Seabrook Farms on July 


28, 1950. Photographed August 24, 1950. A. Sodium 2,4-dichlorophenoxyethyl sulfate. 
B. Control. (Photograph courtesy of Seabrook Farms.) 


1950] KinGc, LAMBRECH & FINN—NeEW HERBICIDE 203 


days after planting. The corn in this plot showed the typical ‘onion leaf”’ 
rolling of the leaves. 


TABLE V 


EFFECT OF THE TIME OF SPRAY APPLICATIONS WITH SODIUM 2,4-DICHLOROPHENOXYETHYL 
SULFATE AND THE TRIETHANOLAMINE SALT OF 2,4-DICHLOROPHENOXYACETIC 
ACID ON WEED CONTROL IN SWEET CorN* 


Weed counts 
- ? after 28 days 
ays after Rae 
; lantin aes Av. No. afte 
Chemical Be es g Ib. per v. No. per sq 
applied Broad- 

leaved Gr ae 

weeds Wheels 
Sodium 2,4-dichlorophenoxy- I Bei D8 
ethyl sulfate fe) 2 ris Di 

Triethanolamine salt of 2,4- 
dichlorophenoxyacetic acid fo) I Rak Dyas 
Sodium 2,4-dichlorophenoxy- 2 ony ig) 
ethyl sulfate 4 3 On2 i © 
Triethanolamine salt of 2,4- 

dichlorophenoxyacetic acid 4 I a2 5 
Sodium 2,4-dichlorophenoxy- 2 0.8 1.0 
ethyl sulfate 7 3 Devi 1.3 
Triethanolamine salt of 2,4- 3 Bas Bus 
dichlorophenoxyacetic acid i I 3.8 2.8 
Control fo) 25.6 7.4 


* Variety Golden Cross planted July 28, 1950, at Seabrook Farms, Bridgeton, New 
Jersey. 


WEED CONTROL IN ASPARAGUS 


Weed control experiments on an established asparagus (Asparagus 
officinalis L. var. altilis L.) planting were also conducted at Seabrook 
Farms. Sodium 2,4-dichlorophenoxyethyl sulfate and calcium 2,4-dichloro- 
phenoxyethyl sulfate were applied four and three times respectively at ap- 
proximately three-week intervals at the rate of 2 lb. per acre to two rows 
of asparagus each 570 feet long. The cultivator was run between the rows 
with its shovels adjusted so that soil would not be thrown up on the pair 
of rows where it would disturb the treated area. The control plot was also 
cultivated in the same manner and weeds developing in the row were not 
destroyed. The fourth and final application was made after the cutting 
season when the field had been disked and a fertilizer application made. 
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TABLE VI 


WEED CONTROL AND YIELD DATA FROM ASPARAGUS FIELD PLOTS SPRAYED 
WITH SODIUM 2,4-DICHLOROPHENOXYETHYL SULFATE OR 
CaLcruM 2,4-DICHLOROPHENOXYETHYL SULFATE. 


Av. No. weeds Yield in lb. 
Raven per sq. ft. per row 
Chemical lb. per 5 

acre De Grass Repli- Repli- 
Rees weeds cate I cate 2 

Sodium 2,4-dichloro- 
phenoxyethy! sulfate* 2 On.5 0.2 85.0 LU 2eg7 

Sodium 2,4-dichloro- 
phenoxyethyl sulfate** 2 0.4 0.2 108.2 93.0 
Calcium 2,4-dichloro- : 
phenoxyethy! sulfate** 2 0.2 0.3 136.5 Ta 
Controlt ° 90.4 8.0 aT IOI.5 


* Treated 5/2/50 in spray volume of 50 gal. per acre. 
** Treated 4/27/50 in spray volume of 25 gal. per acre. 
+ The average weight of spears in a control plot that was hilled under standard culti- 
tivation practices was 89.8 Ib. 


The weed population was determined thirteen days after the first ap- 
plication by counting the number of broad-leaved and grass weeds within 
a 6-inch square over 48 randomized sections of the plot. The values ex- 
pressed as the number of weeds per square foot are given in Table VI. 
Excellent weed control was maintained with both herbicides for three 
weeks following each treatment. The weed species controlled were velvet- 
leaf (Abutilon theophrastt L.), lamb’s quarters, and crab grass. Weed con- 
trol in the mature asparagus following the final application is shown in 
Figure 6. 

DISCUSSION 


Sodium 2,4-dichlorophenoxyethyl sulfate is apparently the first organic 
chemical to be suggested for use as a practical herbicide, which does not 
have hormonal action when applied to foliage but does have such action 
through the roots after contact with the soil. The new herbicide has been 
effective in a variety of soils in many different parts of the United States 
and Hawaii. 

The lack of plant response when applied to the foliage has important ef- 
fects on the practical use of this chemical as a herbicide. The advantages 
in regard to lack of hazard of injury to adjoining crops by drift are ap- 
apparent; in the soil it exhibits its greatest effectiveness against germinat- 
ing seeds. Of course, it is equally injurious to weed seeds and to crop seeds, 
especially so under conditions of high moisture. Applications are best made 
then at the time of crop seedling emergence. The reason that this chemical 
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FiGuRE 6. Weed control in asparagus: following applications of sodium 2,4-dichloro- 
phenoxyethyl sulfate in plantings at Seabrook Farms. Photographed August 17, 1950. Both 
treated and control plots received the last cultivation on July 5, 1950. A. Sodium 2,4-di- 
chlorophenoxyethyl sulfate applied on July 8 at 2 lb. per acre making a total application of 
8 lb. per acre for the season. B. Control. (Photograph courtesy of Seabrook Farms.) 
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can be used to control germinating weed seeds without injury to sweet 
corn seedlings or to an established planting of strawberries or asparagus, 
is that the herbicide does not affect plants from foliage applications. Since 
it is applied to the surface of the soil, it is most abundant in the upper 
layer and consequently the deeper root systems of the corn seedlings or 
strawberry or asparagus plants absorb little, if any, of the herbicide. 
As the experiments have shown, the toxicity of the new herbicide to roots 
or to the growing regions is considerably less than that of 2,4-D. Thus 
when applications are made to snapbeans or Jima beans as they emerge, 
the foliage is rarely injured, but later, as the trifoliate leaves appear, some 
formative effects may be observed. These soon disappear since the growing 
zones are not permanently injured. Under such conditions, sprays with 
2,4-D would be extremely injurious. 

Similarly, injury or lack of injury to a crop or weed may be determined 
by whether or not shallow roots are present to absorb a toxic amount of the 
effective material from the upper layer of the soil. In a number of tests in 
which applications were made 6 to ro days following tillage when small 
weed seedlings less than one-half inch high were present, enough of the 
material was apparently absorbed by the small roots to dwarf these seed- 
lings and thus give effective weed control. 

The finding of the unusual properties of this chemical has already led 
other investigators to establish its usefulness in weed control in straw- 
berries, alfalfa, potatoes, sugar cane, and gladiolus. Tomatoes and cotton 
have been found to be sensitive to soil applications of this new herbicide 
but tomatoes, at least, are not injured by application to the foliage only. 
Crops of intermediate sensitivity to soil applications are snapbeans (12) 
and lima beans (13). Extensive tests on Ben Fish baby lima beans at Sea- 
brook Farms on sandy loam soils have shown that in the early spring plant- 
ings of April and May injury may occur from spray applications made too 
soon following planting. Not only is this due to the higher soil moisture 
levels prevailing during this period, but also to the fact that the germina- 
tion of the beans is not sufficiently uniform to apply the sprays at total 
emergence. With increasing soil temperature in June, the germination 
is more uniform and sprays applied just after total emergence have given 
good weed control without crop injury. 


SUMMARY 


In tests with a large number of compounds, sodium 2,4-dichlorophen- 
oxyethyl sulfate was found to be relatively non-toxic when applied directly 
in aqueous solutions of low concentration to the foliage of plants or to 
germinating seeds but to be highly herbicidal when used in combination 
with soil. Sterilization experiments showed that the effectiveness is largely 
the result of biotic action. Lack of injury from spray or dust applications 


1950] Kinc, LAMBRECH & FINN—NEW HERBICIDE 207 


to foliage is in marked contrast to such applications from 2,4-D. Danger of 
injury to adjoining crops from drift, therefore, is not a factor when sodium 
2,4-dichlorophenoxyethyl sulfate is used. 

Studies of the rate of disappearance of the new herbicide in soil under 
greenhouse conditions have indicated that the time required ranges from 12 
to 30 days when 1 to 10 Ib. per acre is applied. 

In large scale tests on sweet corn (var. Golden Cross) the best weed 
control was obtained when sodium 2,4-dichlorophenoxyethyl sulfate was 
applied several days after the germination of weed seeds had begun. Good 
control of broad-leaved weeds was obtained with a 2 or 3 lb. per acre appli- 
cation when used the day of planting, or four or seven days later. Best 
control of crab grass was obtained when the application was made four 
days after fitting the soil. Good weed control was obtained in an established 
planting of asparagus when sodium or calcium 2,4-dichlorophenoxyethy] 
sulfate was applied at 2 lb. per acre at three intervals during the cutting 
season, and again at the end of the cutting season, and without the cus- 
tomary practice of hilling during cultivation. Asparagus yields and quality 
were not affected by these treatments. 

These results thus show that sodium 2,4-dichlorophenoxyethyl sulfate 
is a valuable addition to the chemicals now available for use as herbicides. 


LITERATURE CITED 


1. AKAMINE, ERNEST K. Plant-growth regulators as selective herbicides. Hawaii Agric. 
Exp. Sta. Cire; 26, 43 pp. 1048. 

2. ALLARD, R. W., H. R. DERosE, and C. P. Swanson. Some effects of plant growth- 
regulators on seed germination and seedling development. Bot. Gaz. 107: 575-583. 
1946. 

3. Barrons, KertH C. The phenolic herbicides. Proc. Northeastern States Weed Control 
Conf. New York City, Jan. 1949. Pp. 219-224. 

4. CAREW, JOHN. Chemical weeding of vegetables. New York [Ithaca] State Coll. Agric. 
Cornell Ext. Bull. 769. 16 pp. 1949. 

5. CARLSON, Ropert F., and J. E. Moutron. Further testing of herbicides in strawberry 
plantings. Proc. Northeastern States Weed Control Conf. New York City, Jan. 1951. 
{In press]. 

6. Durron, W. C. Results with newer herbicides in 1949. Proc. North Central Weed Con- 
trol Conf. 6th ann. meeting, Sioux Falls, So. Dak., Dec. 1949. Pp. 20-22. 

7. GILBERT, F. A., and D. E. Wor. Effects of some herbicides on strawberry plants of 
various varieties. Proc. Northeastern States Weed Control Conf. New York City, 
Jan. 1050. Pp. 127-1209. 

8. Gricssy, B. H., Boyp R. CHuRCHILL, CHARLES L. HAMNER, and ROBERT F. CARLSON. 
Chemical weed control. Michigan Agric. Exp. Sta. Circ. 214. (Rev. ed.) 38 pp. 1950. 

9. Hamner, C. L., J. E. Moutton, and H. B. Tukey. Effect of treating soil and seeds 
with 2,4-dichlorophenoxyacetic acid on germination and development of seedlings. 
Bot. Gaz. 107: 352-361. 1946. 

to. Hircucock, A. E., and P. W. ZIMMERMAN. Absorption and movement of synthetic 
growth substances from soil as indicated by the responses of aerial parts. Contrib. 


Boyce Thompson Inst. 7: 447-476. 1935. 


208 CONTRIBUTIONS FROM BoyCE THOMPSON INSTITUTE [VoL. 16 


It. 


12. 


13. 


14. 


TS 


TO, 


1h 


IQ. 


20, 


20. 


22. 


De. 


24. 


Krnc, Lawrence J. A leaf immersion technique for studying the absorption and trans- 
location of chemicals in plants. Contrib. Boyce Thompson Inst. 15: 165-171. 1948. 

. Dichloral urea (Experimental Herbicide 2) and sodium 2,4-dichlorophenoxy- 
ethyl sulfate (Experimental Herbicide 1) as selective herbicides. Proc. Northeastern 
States Weed Control Conf. New York City, Jan. 1950. Pp. 302-309. 

Kine, L. J., and J. A. LamBrecn. A new chemical for use in pre-emergence weeding. 
Proc. Northeastern States Weed Control Conf. New York City, Jan. 1949. Pp. 34-36. 

LacHMAN, WriLL1AM H. Weed control in vegetable crops. Massachusetts Agric. Exp. 
Sta. Bull. 451. 60 pp. 1948. 

McCattan, S. E. A. Some improvements in equipment for evaluating fungicides by the 
foliage disease method. Contrib. Boyce Thompson Inst. 15: 71-75. 1948. 

McCattan, S. E. A., and R. H. WELLMAN. A greenhouse method of evaluating fungi- 
cides by means of tomato foliage diseases. Contrib. Boyce Thompson Inst. 13: 93- 
134. 1943. 

MircuHeEti, Jonn W., and Paut C. Marru. Germination of seeds in soil containing 
2,4-dichlorophenoxyacetic acid. Bot. Gaz. 107: 408-416. 1946. 

Purrer, R. E., and R. J. ALDRICH. Two years results on the use of certain herbicides 
for weed control in different varieties of strawberries. Proc. Northeastern States 
Weed Control Conf. New York City, Jan. 1951. [In press]. 

READY, DANIEL, and VIRGINIA GRANT. A rapid sensitive method for determination of 
low concentrations of 2,4-dichlorophenoxyacetic acid in aqueous solution. Bot. Gaz. 
109: 30-44. 1947. 

SLapE, R. E., W. G. TEMPLEMAN, and W. A. SExTon. Plant-growth substances as selec- 
tive weed killers. Differential effect of plant-growth substances on plant species. 
Nature [London] 155: 497-498. 1945. 

STAHLER, L. M. Screening of new selective herbicides. Proc. North Central Weed Con- 
trol Conf. 6th ann. meeting, Sioux Falls, So. Dak., Dec. 1949. Pp. 95-101. 

WILLARD, C. J. Pre-emergence control of weeds in field crops. Proc. North Central 
Weed Control Conf. 6th ann. meeting, Sioux Falls, So. Dak., Dec. 1949. Pp. 19-20. 

ZIMMERMAN, P. W., and A. E. Hircucock. Tropic responses of leafy plants induced by 
application of growth substances. Contrib. Boyce Thompson Inst. 9: 299-328. 1938. 

. Substituted phenoxy and benzoic acid growth substances and the relation of 

structure to physiological activity. Contrib. Boyce Thompson Inst. 12: 321-343. 

1942. 


GROWTH-REGULATING EFFECTS OF CHLOROSUBSTITUTED 
DERIVATIVES OF BENZOIC ACID! 


P. W. ZIMMERMAN AND A. E. HitcHcock 


Physiological activity of substituted derivatives of benzoic acid has 
been repeatedly mentioned in publications with special reference to forma- 
tive influences, including flowering habit, modification of leaves, and cor- 
relation of organs (7, 8, 9, 10). Until the work of Bentley (1), however, 
not enough experimental data had been provided to support the claims that 
such compounds had cell elongating activity. Using the straight growth 
method with Avena coleoptiles, Bentley reported high physiological activ- 
ity for 2,3,6-trichlorobenzoic acid and 2,3,6-trichlorobenzaldehyde. It was 
further shown that 2,3,6-trichlorobenzaldehyde was more active than 
6-indoleacetic acid or 2,4-dichlorophenoxyacetic acid when used at the rate 
of 1 mg. per liter of solution applied to coleoptile sections. 

These results are of considerable interest since the new chemicals do 
not fulfill the structural requirements of Koepfli et al. (2), Veldstra (4, 5), 
or Muir (3) for physiological activity. Koepfli et al. stated that to be 
physiologically active the molecule must have an unsaturated ring system 
and a side chain carrying a carboxy! group at least one carbon atom re- 
moved from the ring. The hypotheses of Veldstra call for a basal ring 
system with high surface activity and a carboxyl group in a very definite 
spatial position with respect to the ring system. Muir postulated further 
that at least for the phenoxy derivatives of the lower fatty acids the 
position on the benzene ring adjacent to the point of attachment of the 
side chain is directly involved in growth reactions and that if a compound 
is to have activity at least one of the ortho positions needs to be free. The 
2,3,6-trichlorobenzoic acid and the corresponding aldehyde do not meet 
these requirements. 

2,3,6-Trichlorobenzoic acid and the aldehyde derivative, supplied by 
Dr. W. A. Sexton, Imperial Chemical Industries, Ltd., England (the same 
source of supply as that used by Bentley), were tested in this laboratory 
and compared with the activity of several other chemicals. The purpose of 
this report is to show that these two compounds induce cell elongation as 
reported by Bentley and also cause responses in dicotyledonous plants 
similar to those of substituted phenoxy, indole, and naphthalene com- 
pounds. 

Tomato (Lycopersicon esculentum Mill.), Turkish tobacco (Nicotiana 


1 This article was preprinted Feb. 16, 1951. 
Copyright, 1951, by Boyce Thompson Institute for Plant Research, Inc. 
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tabacum L.), and stevia (Piqueria trinervia Cav.) plants were used as test 
objects. Solutions of the 2,3,6-trichlorobenzoic acid and the corresponding 
aldehyde were applied to the aerial parts of plants and to soil in which 
the plants were growing. Lanolin preparations were applied to various por- 
tions of the aerial parts of test objects. 

The responses induced were similar regardless of the method of treat- 
ment. One per cent water solutions of both the acid and the aldehyde were 
lethal when sprayed on leaves, the plants dying within six days after the 
treatment. When applied to soil at the rate of 1 mg. per too cc. of soil both 
chemicals caused pronounced responses of tomato plants. 

Lanolin preparations were used at a concentration range of o.o1 to 
roo mg. per gram. A dose ratio of 2 to 2.5 was used in the principal concen- 
tration series. When applied at 100 mg. per gram of lanolin to the stem of a 
plant the chemicals were lethal. At 1 to 50 mg. per gram both the acid and 
the aldehyde caused curvatures, proliferations, induction of roots, and later 
modification of leaves and other organs which developed after the treat- 
ment. Table I shows the threshold concentrations required to induce the 
various responses. Figure 1 illustrates some of the responses induced with 
2,3,6-trichlorobenzoic acid. 

ADAM ei Ee ll 
THE THRESHOLD VALUES (MG. OF CHEMICAL PER GRAM OF LANOLIN) WHICH BARELY 


INDUCED RESPONSES WHEN 2,3,6-TRICHLOROBENZOIC ACID AND THE CORRESPONDING 
ALDEHYDE WERE APPLIED TO TOMATO PLANTS 


Responses induced Acid Aldehyde 
Modification of leaves 0.01 0.025 
Cell elongation (curvatures) | O52 0.25 
Induction of roots | SO 10.0 
Inhibition of growth | 50.0 50.0 

| 100.0 100.0 


Lethal 


When used at a concentration of ro mg. per gram of lanolin, the time 
required for the acid and the aldehyde to bring about a measurable curva- 
ture response was approximately one hour. In two hours the angle between 
the treated leaf and the stem increased from 60° to 105°. In the same time 
the aldehyde caused an increase from 62.5° to 77.5°. Within three hours 
the response tended to become systemic and in 24 hours all of the leaves 
moved downward, nearly paralleling the stem. At this stage of response 
the plants resembled those treated with a-naphthaleneacetic, 2,4-dichloro- 
phenoxyacetic acids, or other hormone-like substances. The initial re- 
sponse was slightly slower than that gf a-naphthaleneacetic acid but oc- 
curred at approximately the same rate as that induced with phenylacetic 
acid. It appears, therefore, that these two substances act directly to cause 
cell elongation rather than on precursors which may become active ma- 
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terial. If this supposition be true, then some derivatives of benzoic acid 
may be classified as hormone-like substances from another point of view. 
hey have already been so classified from their capacity to induce forma- 


tive effects and parthenocarpic development of fruit (7, 8, 9, 10). 


FIGURE 1. The response of tomato plants to treatment with lanolin preparations of 
2,3,0-trichlorobenzoic acid and the corresponding aldehyde. A. Left to right: control; plants 
29 days after treatment with preparations of 50, 25, and 0.5 mg./gm. lanolin. B. Left to 
right: control; modified leaves and fruit which grow after treatment with preparations con 


taining 10 mg. of the acid (middle) and the aldehyde. 


Formative effects are induced with much lower concentrations of the 
chemicals than required for other responses. Table I shows that for the 
acid the threshold value for modification of leaves is 0.or mg. per gram 
of lanolin applied to the stem of the plant. Figure 1 A shows one plant 
having pronounced modification of leaves induced with 1 mg. per gram. 
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Fruit were modified with concentrations of 1 to 25 mg. per gram (Fig. 
a3): 

Parthenocarpy was induced when water solutions containing 50 mg. of 
the acid per liter were sprayed on the flower clusters. Threshold values 
were not determined for this response. Also seedless fruit was produced by 
tomato plants treated with lanolin preparations. In this case flower buds 
appeared after the chemical was applied. Both calyx and ovaries were 
modified in shape from treatment with a lanolin preparation containing ro 
mg. of the acid per gram of solution (Fig. 1 B). As the plants continued to 
grow the chemical effects were lost and normal leaves and flowers ap- 
peared. 

2,3,6-Trichlorobenzoic acid was translocated by stevia stems more 
readily than naphthaleneacetic acid or indolebutyric acid. The latter chem- 
icals induced roots locally when applied to the stem without signs of trans- 
location. The derivatives of benzoic acid, however, appeared to move 
readily to the tip where they induced typical modification of leaves and 
knob-like swellings of the stem. They moved downward a distance of five 
nodes and then upward on axillary branches. The upward movement 
was more pronounced than downward movement when the chemical was 
applied around the stem. 

The capacity of plants to translocate hormone-like material appears 
to vary with the species as well as the substance involved. For example, 
naphthaleneacetic acid is readily translocated by tomato but not by stevia 
plants. The latter, however, translocates 2,3,6-trichlorobenzoic acid read- 
ily but not indolebutyric acid. Many other variations could be listed and 
this fact shows that, if results of different laboratories are to be compared, 
standard methods and test objects must be used. 

Since the new derivatives of benzoic acid cause cell elongation and 
proliferation, induce adventitious roots, and modify leaves, they can be 
added to the well known list of hormone-like substances. This admission, 
however, does not simplify the problem of finding what makes a chemical 
active or how it functions in the plant. As previously stated, growth is a 
complex process, depending upon many simultaneous, closely integrated 
reactions involving a large number of different substances (6, p. 340; 8, 
p. 341). It is interesting to find that the trend of growth can be influenced 
by simply providing a foreign substance, like a substituted benzoic acid, 
to work with the naturally occurring complex mechanism in plants. 


SUMMARY 


2,3,6-Trichlorobenzoic acid and 2,3,6-trichlorobenzaldehyde caused cell 
elongation and proliferation of tissue, induced adventitious roots, modi- 
fied the pattern of leaves and other organs, and caused parthenocarpic 
development of fruit. It was concluded, therefore, that these chemicals 
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should be included with the list of well known hormone-like substances 
for plants. 


~I 
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GERMINATION OF SEEDS OF EICHHORNIA 
CRASSIPES SOLMS. 


LELA V. BARTON AND JANET E. HoTcHKIss 


It has been known for a long time that the principal means of spread of 
Eichhornia crassipes, water hyacinth, is by vegetative propagation. How- 
ever, many seeds are produced each year and enough seedlings may be- 
come established to pose serious threat of reinfestation following successful 
control of the vegetative parts of the plants by chemicals. This has been 
recognized by Hitchcock et al. (2, 3) who have published observations on 
the germination behavior of the seeds. From greenhouse tests and from 
an examination of the natural conditions under which seedlings were 
found, these authors concluded that the principal requirement for germi- 
nation was a minimum water temperature of 28° to 30° C. Other authors 
(Haigh, 1; Penfound and Earle, 4) have had variable results with the germi- 
nation of these seeds with and without sunlight. It is evident that the 
requirements of water hyacinth seeds for germination have not been defi- 
nitely established. The present tests were conducted at the suggestion of 
Hitchcock and co-workers at this Institute, who have been concerned with 
the growth, reproduction, and the practical control of this species. 


MATERIALS AND METHODS 


Seeds were received in 1949 from New Orleans, Louisiana, through the 
courtesy of Henry Kirkpatrick, Jr., in two shipments. The shipments were 
collected and mailed on June 16 and June 29 and received on June 21 and 
July 5, respectively. Both lots were shipped in the capsules which were 
still attached to the flower stalks. Some of the darker-colored capsules 
fell off the stalks in transit, but they all arrived moist and in good condi- 
tion. Seeds of the two shipments were removed from the capsules and 
thoroughly mixed for germination and storage tests. They were kept in 
water at 10° C. from the time they were received until the tests were begun 
(g to 23 days), when they were divided into three lots, according to color, 
as follows: A, dark brown seeds, apparently full size; B, light brown seeds, 
apparently full size; C, dark cream or very light tan seeds, somewhat 
smaller than A and B. For convenience all of these will be referred to as 
fresh seeds. 

Germination tests were set up on July 14. Four wide-mouthed bottles, 
each with one inch of water (about 20 ml.) and 100 seeds, were placed at 
each of the following air temperatures: greenhouse, constant temperatures 
Olliorsns 5120 925,30, 35, 20d 40 (Ceand daily alternationsof 5° to 
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30°, 5° to 35°, 5° to 40°, 5° to greenhouse, 15° to 30°, 15° to 35°, 15° to 40° 
and 1s° to greenhouse. In the case of each alternating temperature, the 
cultures were transferred to the lower temperature for sixteen hours (at 
night) and the higher temperature for eight hours each day, five times 
weekly. They were left at the lower temperatures over the week ends. Also 
ten bottles with roo seeds each in water were placed at an approximate 
temperature of —4° C., constant temperatures of 1°, 5°, 10°, 15°, 20°, 25°, 
30°, 35°, and 40° C. and daily alternations of 5° to 30°, and 5° to 40° C. for 
four days, one week, two weeks, one month, and two months, at which times 
duplicate bottles were transferred to the greenhouse for germination. 
Cultures were kept in dark incubators at controlled temperatures but were 
exposed to diffuse light in the laboratory during transfers and examina- 
tions. 

Some of the seeds of lots A, B, and C were allowed to dry in the labora- 
tory for six days before germination tests were started. In addition, un- 
counted lots of seeds were stored in water at approximately — 4°, and at 
5°, 20°, 30°, and 4o° C. Viability tests were made after four days, one and 
two weeks, and one, two, six, twelve and seventeen months under these 
conditions. Greenhouse temperatures reported were air temperatures ex- 
cept with the seeds stored for 17 months when water temperatures were 
taken. 


RESULTS AND DISCUSSION 


Germination. There was no germination up to fourteen weeks of either 
moist or dry fresh seeds kept at constant temperatures of 10° through 40° 
C. or at-alternations of 15°ato 30, 15-10 35%, of £5 10 40 «©. Someseca- 
lings were produced at alternations of 5° to 30° and 5° to 35° C., and at 5° 
to 40° C. lot A gave 62 per cent germination, lot B, 48 per cent, and lot C, 
15 per cent (Table I). Conditions in the greenhouse favored germination. 
Cultures of A, B, and C kept constantly in the greenhouse gave 95, 98, and 


WAGES I 
GERMINATION OF SEEDS IN WATER AT VARIOUS AIR TEMPERATURES 
Per cent germination of different seed lots 
Germinati 
cee Fresh seeds Seeds stored at 20° C. for 17 mos. 

A B C A B GC 

5 to 30 iit 3 23 96 97 ° 

5 to 35 mS 3 5 ars os = 

5 to 40 2 48 15 97 97 2 

5 uo Cal go go 25 93 07 8 

15 to 30 fe) ° ° I I ° 
15 to 4o ° ° fe) 78 70 fo) 
15 to G.H. 89 85 41 78 go 6 
G.H. 95 98 46 96 QI ° 


* G.H.=greenhouse. 
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46 per cent germination respectively. Air temperatures in the greenhouse 
during this period ranged from 23° to 59° C. The same seed lots gave 80, 
85, and 41 per cent germination at a daily alternation of 15° C. to green- 
house and go, 90, and 25 per cent at 5° C. to greenhouse. 

Although the seeds germinated best at the high temperatures of the 
greenhouse, they seemed to do almost as well when placed at 5° or 15° C. 
for the night. Not only did water hyacinth seeds tolerate temperatures as 
low as 5° C. for sixteen-hour periods daily without subsequent impair- 
ment of germination but alternating cool and warm temperatures brought 
about germination when constant temperatures in a range which would be 
expected to favor germination, 1.e. 25° to 40° C., failed. 

Samples of the same seed lots were tested at various temperatures after 
17 months of storage at 20° or 30° C. The behavior after storage at 20° C. 
is shown in Table I. It will be noted that these seeds which had become 
thoroughly after-ripened during their storage germinated over a wider 
temperature range and with percentages up to 97 at daily alternating 
temperatures of 5° to 30° C. and 5° to 4o° C. without any direct sunlight. 
The apparent requirement of sunlight for complete germination of seeds 
not more than 28 days old from harvest and the loss of this requirement 
with increased length of the storage period is in agreement with the be- 
havior of other light-favored seeds, such as lettuce for example. 

It is significant that constant temperatures in a range which would be 
expected to favor germination failed both with fresh seeds and with those 
which had been stored in water at 20° C. for 17 months. The only seedlings 
secured at constant temperatures in the present tests were from seeds 
stored 17 months at 30° C. and germinated at 40° C. where 23 per cent of 
lot A seeds sprouted. Although water temperatures were not measured, 
the greenhouse air temperatures for the fresh seeds, germinated in July 
and August 1949, ranged from 23° to 59° C. On the other hand, the test 
with seeds stored for 17 months was made in December 1950 in a green- 
house with a thermostatic control set at 20° C., but where the water culture 
temperatures ranged from 21.5° to 32° C., with an average 9 A.M. temper- 
ature of 22.4° C. and an average 3 P.M. temperature of 26° C. daily for the 
first seven days during which time most of the germination took place. 
These results indicate an effect of light over and above that of increased 
temperature since these recorded temperatures are definitely below those 
required for germination without light. This was further indicated by 
germination up to 16 per cent in a greenhouse at temperatures of 8° to 
24° C. with averages of 17.9° C. at 9 A.M. and 21.6° C. at 3 p.M. However, 
no germination took place within four weeks when the greenhouse tem- 
perature was reduced to a range of 5° to 19.5° C. 

From the data at hand, then, it would seem that sunlight plays a definite 
role in the germination of dormant seeds or of non-dormant seeds held at 
unfavorable low temperatures. It is doubtful, however, that exposure to 
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TABLE II 


EFFECT OF STORAGE IN WATER ON SUBSEQUENT GERMINATION PERCENTAGES, 
DUPLICATES OF 100 SEEDS EACH. 


Seed Germination in water in greenhouse after storage at °C. 
: Storage 
Moist : 

Lot | or time 1 |ADprox.| “ig lg 7) tOtler gy Ineo, leas | gosngsnindo po iro 
dried a 30 | 40 

4 days 97 | 88 | 99 | 96 |100 | 99 | 85 | 99 | 99 | 98 | 98 | 87 

1 wk 83. | 99 | 95 | 92 | 96 | 79 | 95 | 99 | 98 | 92 | 86 | 99 

2 wks 12 3 Rta | Ziel OS 7a | zee |) Oo: | Go) © || @2 

Moist | 1 mo 62 | 94 | 97 | 97 | 96 | 98 | 99 | 97 | 91 | 95 | 92 | 97 

2 mos ° I] 14:| 3 [2 | 24} 39-054 95 | 96 | 507) == 

A 6 mos coy |) | S| eee ae ee eh. Gy pe | 
12 mos SS LG a ll eS Sa oe 117i | eee | eS ee | 

I7 mos (| = Se ae er 

Dried 2 wks 95 ° I ° ° ° 5 ° ° I ay || ahr 

6 I mo 713% | 86 o | o| 98 ° ) OS) S| 75 OulesO 

days | 2 mos 4 | 25"). 15.) 35h 7OV SS Ose 701 cOr. Oa ars lee 

4 days 95 | 84 | 84 | 94 | 81 | 86 | 93 | 91 | 95 [1007] 94 | 95 

1 wk. 85 | 33 | 83 | 59%) 86 | 61 | 87 | 90 | 95 | 96 | 96 | 95 
2 wks 7 2 I © | 24 || G8] Go* He N OS. |) AON 2” 

Moist I mo. 27 SAIN S7) eSOn sO | OR 777 OSs Os MOSaO2E Os 

2 mos 2 Oe) | 26) BBN GH |) WH | OO || O44 |) GS || u© | —= 

B 6 mos I == | @g | == [| =A) 68 | == | os.) = r}/—|— 
12 mos — | — | 24) —|]—] 41 |—] or | —| +] —) = 

17 mos Gye |S | 85 = | — | — | 

Dried | 2 wks. 86 Os Pil ei Co) ol OF cl ©] wi) © 

6 I mo. 56 2 I SS | yr oe |) Boe ae [Pog we | — 

days 2 mos. IO 20 | 38 | 77 | 84 | or | 88 | 95 | 99 | 60*| 12 | — 

4 days a4 ° ° ° ° ° ° ° ° o | — ° 

I wk. 2 ° fo) ° ° ° ° ° ° © || ° 

2 wks. ° >| x! ve fo) fo) ° fo) ° ° 3 

Moist | 1 mo. 5 | 41 | 98*) 19 | © | 40 | 45 | 64 | 59 | 50%) 50%] 3 

2 mos 2 HP \\ Bes | iy | Coys || OS || OH || SG |) ase |} GG —= 

(e 6 mos © | = | 4a |= | — | 4 | = | 47 | r1)/—|]— 
12 mos == = i Wee a | ae =] oy |. = eo |=) — 

17 mos 1} = 23 —_ fe) = = 

Dried 2 wks. 24 ° ° o|— o}|/—|—]— I o | — 

6 I mo. 13° | O%] 207) ON ==" Son arr eon 

days 2 mos. I mo) || Dre |) 277 {| > | Ge | = | = | | et || ge | 


* Single culture. 
— No test made. 


diffuse light in the laboratory has any effect on germination. Hitchcock 
et al. have kept hyacinth seeds in water in the laboratory for more than 
two years without germination. Exact light requirements, i.e. intensity, 
wave length and time of exposure, effective for promoting germination, 
have not been determined. 

Storage. This phase of the investigation yielded data on the dormancy 
of the seeds as well as their longevity under certain storage conditions. The 
storage conditions and the results obtained are shown in Table II. 
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Storage of seeds held moist from harvest and of those which had been 
dried for six days in the laboratory was made in one inch of water in bot- 
tles. Storage was in single large lots at each temperature. Duplicate sam- 
ples of r00 seeds each were removed and placed in water in smaller bottles 
in the greenhouse for germination after storage for four days to 17 months. 
Since the experiment was started in July, transfers to the greenhouse were 
made in July, August, September, January, and December. This means 
that there was much variation in the greenhouse germination temperature 
for the different tests. In spite of this fact, however, there were consistent 
trends in germination response with the exception of the transfer made 
after two weeks of storage. This may have been caused by the excessively 
high greenhouse temperature at the time of transfer. 

Some of the moist seeds of lots A and B were able to survive one month 
in ice at approximately — 4° C. and as long as two months at temperatures 
up to 15° C. At 40° C. also, the seeds not only survived for two months, 
but gave excellent germination after such storage. When the storage period 
was lengthened to six or twelve months, however, 20° and 30° C. proved 
better than 5° or 40° C. for keeping the seeds viable. This is rather sur- 
prising in view of the general beneficial effects of low temperature on the 
keeping quality of seeds. It should be kept in mind that these seeds were 
stored in water, whereas the usual storage condition for seeds of other 
species is dry. Eichhornia seeds which had been dried prior to storage in 
water responded in a similar manner as far as keeping quality was con- 
cerned (Table IT). 

It has been shown by Haigh (1) that Ezchhornia seeds remain viable in 
water in the laboratory for at least five years, but that dry seeds fail to 
germinate after three years of storage. The life span of the seeds under 
the conditions of the present tests has not been determined. 

In the matter of dormancy, the color and hence the possible maturity 
of the seed at harvest, as well as subsequent drying before storage, seemed 
to have an effect. For example, moist seeds of lot C required a longer period 
of storage than the darker-colored lots A and B before germination would 
proceed upon transfer to the greenhouse. Only a few seedlings were pro- 
duced after four days or one or two weeks of storage, but extension of the 
storage time to one or two months allowed the seeds to after-ripen so that 
germination could proceed. Again, as in lots A and B, lot C seeds began to 
lose their viability after two months at low temperatures and at the very 
high temperature of 40° C., the best of the temperatures tried being 20°, 
30°, and 35° C. Further tests were not made on dried seeds since the supply 
was exhausted after two months of storage. 

Drying the seeds for six days before storing in water increased the 
dormancy of lots A and B, as can be seen in Table II. 

The figures shown in this table are final germination percentages ob- 
tained regardless of the length of time required. The speed of germination 
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also is affected by storage. After only four days or one week of storage, 
the beginning of germination was delayed for three weeks and required six 
to eight weeks for completion. Storage for one month prior to placing in the 
greenhouse hastened the germination process so that a considerable num- 
ber of seedlings had appeared in two weeks with a maximum of four weeks 
needed for full germination. Extension of the storage time to two months 
resulted in complete germination within one week after transfer from 30° 
C. to the greenhouse. It has been reported previously that water hyacinth 
seeds need a rest period of about two months in water to break the dor- 
mancy present at harvest (2, 3). The speed of germination as well as the 
final percentage is an index of the dormancy of any particular seed lot. 


SUMMARY 


From the data presented, it appears that a combination of high tem- 
perature and light is needed for complete germination of dormant seeds 
of Eichhornia crassipes. However, periods of eight hours a day at a tem- 
perature as low as 5° C. did not impair germination in the greenhouse, 
and daily alternating temperatures of 5° to 30°, 5° to 35°, and 5° to 4o° C. 
permitted some germination in dark incubators. Constant temperatures of 
30°, 35°, and 4o° C. failed to bring about germination in the dark. After 17 
months of storage in water at 20° or 30° C., the seeds became less dormant 
as evidenced by their germination over a wider range of temperatures, 
but alternating low and high temperatures or greenhouse conditions were 
still best. These seeds germinated at fluctuating air or water temperatures 
as low as 22° C. in the sunlight in the greenhouse. Thus sunlight favored 
the germination of dormant seeds or of non-dormant seeds held at unfavor- 
able low temperatures. 

Samples which had germinated in the greenhouse after storage in water 
for various lengths of time at temperatures ranging from approximately 
—4° C. to 40° C. showed 20° and 30° C. better than lower or higher tem- 
peratures for keeping the seeds viable as long as 17 months. It was also 
demonstrated that the speed of germination of all lots was hastened by a 
storage period of a month or longer, and the percentage of germination of 
the less mature lot C was greatly increased by such treatment. 
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ROSE “SPORTS” FROM ADVENTITIOUS BUDS 
P. W. ZIMMERMAN AND A. E. HircuHcock 


Many horticultural varieties of plants are multiplied by vegetative 
means to avoid genetic variation which often occurs when such species 
are propagated from seed. Plants derived from normal buds on the stem 
are like the parent type though occasional abnormal branches arise. These 
bud “‘sports’”’ are due to somatic mutations or other variations in the bud. 
Roses frequently produce bud sports, and these have been of considerable 
importance in the selection of new varieties. They retain their desirable 
qualities when subsequently propagated from stem cuttings. New plants 
derived from root cuttings or adventitious buds on the stem, however, 
often differ from the parent type. Since adventitious buds on root cuttings 
are of endogenous origin, it is obvious that the genetic constitution of the 
internal core (stele) differs from the outer layer which on the stem pro- 
duces normal buds. It appears, therefore, that new varieties which arise 
from bud sports are periclinal chimaeras with different genetic constitu- 
tions in the different tissues (stele and cortex). 

This report involves new varieties of roses arising from adventitious 
buds on stems and roots and a bud sport of a commercial rose (Rosa sp., 
var. Briarcliff) called to the writers’ attention about 1940 by Henry Kirk- 
patrick, Jr., of this laboratory. 


RESULTS AND DISCUSSION 


A bud sport appeared on a branch of a Briarcliff hybrid tea rose growing 
in a greenhouse. One branch differed from the rest of the plant in both leaf 
and flower characteristics. Briarcliff has a double pink flower and serrate 
leaves typical of the rose. The sport branch had nearly single pink flowers 
with crinkled petals and narrow, non-serrate leaves (Fig. 1). 

When the sport was propagated from stem cuttings, the new plants 
were like the original sport branch. When, however, the plants were propa- 
gated from adventitious buds arising on root cuttings, the new plants had 
leaves and flowers resembling Briarcliff variety. Also suckers from under- 
ground parts of the stem (presumably adventitious buds on internodes) 
reverted to Briarcliff type. 

In attempting to determine the reasons for reversion to the original 
parent stock, it was assumed that the sport was a periclinal chimaera 
resulting from unusual somatic segregation in the bud. The inner core 
appeared to be Briarcliff while the outer layer was a new mixture of cells. 
This assumption is strengthened somewhat by the fact that three genera- 
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tions of root cuttings have continued to produce plants like Briarcliff. 
All plants from root cuttings (a total of 55) of the sport variety were like 
the Briarcliff strain. Ten plants, all like Briarcliff, have come from root 
cuttings of the first reversions. From the latter have come five new plants 
like Briarcliff, by way of root cuttings. It appears, therefore, that a pure 
line Briarcliff strain which continues to produce the same variety regard- 
less of the method of propagation can be developed. Stem cuttings have 
never failed to come true to type. 

Three other varieties of hybrid tea rose, Better Times, Souvenir, and 
one garden type (name unknown), did not come true when propagated 
from root cuttings. 

Better Times (Plant Patent 23), a hybrid tea type selected in 1934 as 


FiGuRE 1. Leaves of a bud sport of Briarcliff rose (left) and leaves of a 
plant which was made from a root cutting of the sport. 


a bud sport from Briarcliff by J. H. Hill Company, has deep red flowers. 
It came true to type when propagated from stem cuttings, but when grown 
from root cuttings the flowers resembled Briarcliff. In one lot of twenty 
root cuttings one new plant was a climbing rose, resembling neither 
Briarcliff nor Better Times. This exception militates to some extent against 
the simple explanation that the adventitious buds from which the new 
plants developed, arose in the core of a periclinal chimaera and that these 
resembled only one of the parents. 

The climbing rose varied from the parent plant in leaf, thorn, and flower 
characteristics and habit of growth. It did not bloom continouusly as a 
hybrid tea rose but resembled the average climbing rose which flowers 
annually. Clusters of flowers appeared on the terminal part of the main 
shoots. The buds along the stem became dormant and the plant required 
two months of cold temperature to resume growth. In fact there were no 
special similarities to the parent plant. 
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It is not new to find hybrid tea roses producing climbing types. Hjort 
(3) reported that Killarney HT, Maman, and Catherine Mermet all gave 
rise through bud sports to climbing roses. The same author reported that 
climbing sports were known to revert to the bush form. It will be interest- 
ing to test the climbing sport of Better Times to see if its relationship can 
be detected. 

Souvenir (Plant Patent 25 by A. N. Pierson in 1930) arose as a bud 
sport of Talisman. The latter is said to be a hybrid between Pernet and 
Ophelia strains. Talisman has given rise, perhaps through somatic segrega- 
tion, to many bud sports with fairly stable characteristics. When Souvenir, 
however, was propagated from root cuttings a strain with Talisman-like 
characters appeared. These have been propagated from both stem and 
root cuttings without change of characteristics. It appears, therefore, that 
Souvenir is a periclinal chimaera with a central core of Talisman. Endog- 
enous buds arising from this core in turn produce the pure line Talisman 
strain. Three generations of root cuttings continued to make the Talisman- 
like variety. 

An unidentified garden type of a deep red hybrid tea rose gave rise to 
plants with pink flowers when propagated from root cuttings. The buds 
appear to be of endogenous origin and to arise from the core of a chimaera. 

There are many varieties of garden and greenhouse roses with unknown 
ancestry. Through the use of root cuttings or other means of producing 
plants from adventitious buds it might be possible to obtain some informa- 
tion on the ancestry of named varieties of roses. 

Bateson (1, 2) reported that in Bouvardia some double flowering types 
give rise to single flowers when propagated from root cuttings. A variety 
called Bridesmaid (double pink) regularly gave rise to a double scarlet 
when propagated from root cuttings. Pelargonium varieties propagated 
from ‘‘suckers’”’ or root cuttings differed from the parent plants in color 
of the flowers as well as in their phenotypic characteristics. Bateson said 
that whenever plants grown from root cuttings differ from those grown 
from stem cuttings it may be inferred that the plant is a periclinal chimaera 
in which the cortex differs from the central tissue (core). 

In the case of rose sports reported herewith only one arose from a natu- 
ral stem bud of Briarcliff variety. All others came from adventitious buds 
of stems or roots. Those from the stems arose as suckers from internodal 
tissue growing underground. With the exception of one case, the adventi- 
tious buds on both stems and roots gave rise to the same kind of plants 
for any given variety. In general, therefore, the adventitious buds appear 
to be of endogenous origin. No explanation can be given for the exception 
where a root cutting gave rise to a climbing rose. 
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SUMMARY 


A new kind of rose (sport) appeared on a branch of Briarcliff variety. 
The new rose flower was single and pink. The parent plant was a double 
pink. When plants of the sport were propagated from stem cuttings, they 
continued to show the same characteristics. When plants were propagated 
from root cuttings involving adventitious buds, they reverted to the origi- 
nal Briarcliff variety. 

The variety Better Times came true to type when propagated by stem 
cuttings but reverted to Briarcliff characteristics when propagated from 
root cuttings. Also another unidentified red rose produced pink flowers 
when propagated from root cuttings. 

Souvenir variety (yellow) which is known to be a bud sport of Talisman 
(red) gave rise to Talisman type plants from root cuttings. 

It was concluded that the rose varieties described were probably peri- 
clinal chimaeras and that plants arising from adventitious buds of endog- 
enous origin were like the variety which constituted the stele (core). 
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A QUANTITATIVE METHOD OF MEASURING RESPONSE 
OF PLANTS TO GROWTH REGULATORS 


A. E. HitcHcock AND P. W. ZIMMERMAN 


Growth regulators and herbicides have been evaluated in greenhouse 
and field tests by various methods which have involved application of the 
test substance in solutions, suspensions, or in solid form to intact plants, 
decapitated plants, or to cuttings of various species of plants. Results 
obtained by these methods furnished information on the capacity of a sub- 
stance to induce formative and herbicidal effects, and the concentrations 
required to bring about a given response. The quantity of growth regulator 
applied to an individual test plant was generally not known. When tests 
were undertaken with the objective of studying the effects of applying 
two or more growth regulators to the same test plant, it was necessary to 
develop more precise quantitative methods for treating plants and evaluat- 
ing the induced responses. 

An improved technique for treating intact plants consisted of applying 
small measured volumes of an aqueous solution of the growth regulator 
(0.001 to 0.01 ml.) to one or more leaves or leaflets by means of a pipette. 
The evaluation of results consisted of rating the treated plants according 
to the magnitude of a given response or, according to all responses, assign- 
ing rank values to each plant, and then analyzing the assigned values by 
statistical rank methods. Dosage response curves based on measured 
responses on plants treated under a standard set of conditions and pro- 
cedures were used as a reference for determining quantitatively the influ- 
ence of any new factor. Results with 2,4-D showed that the concentration 
of 2,4-D, the number of treated leaflets, and the quantity of 2,4-D (y per 
plant) were of increasing importance, in the order named, for increasing 
the magnitude of the induced responses on tomato. 

Since practically all responses induced by growth regulators can be 
readily evaluated on intact tomato plants, it is believed that the present 
method with its improved quantitative technique for treating plants, and 
the use of a rapid statistical procedure for evaluating results, has an ad- 
vantage over other methods used to date. The present method is about 
three times as sensitive as the standard lanolin and spray solution methods 
with respect to the minimum quantity of 2,4-D required to induce a given 
magnitude of response. The tomato proved more satisfactory as a test 
plant than snap bean, sunflower, or zinnia, particularly from the stand- 
point of the number of responses which could be readily seen and easily 
rated with or without the use of measurements. 


Copyright, 1951, by Boyce Thompson Institute for Plant Research, Inc. 


22 


226 CONTRIBUTIONS FROM BoycE THOMPSON INSTITUTE [VoL: 16 


This paper describes an improved technique for treating intact tomato 
plants with 2,4-D and a rapid statistical procedure for evaluating the in- 
duced responses. Only limited data relating to combination treatments will 
be presented, since a more detailed report on the subject is being prepared. 


METHODS 


Selection of plants. Bonny Best tomatoes (Lycopersicon esculentum Mill.) 
growing in 4-inch pots were used when plants of the same age were 7 to 
g cm. in height. A further selection was made on the basis of the number 
and size of leaves and particularly with reference to the similarity of leaflets 
on the fourth leaf. The plants were spaced on the greenhouse bench so 
that stems and leaves could assume their normal position, and during 
the 24 hours before and after treatment care was taken to avoid disturbing 
them while the soil in the pots was being watered. 

In addition to tomato, the following species were used for combination 
treatments: snap bean (Phaseolus vulgaris L. var. Tendergreen), zinnia 
(Zinnia sp. pompon type), and sunflower (Helianthus annuus L. var. 
Mammoth Russian). 

Treatment of plants. Treatments were carried out between 8:30 and 
10:30 A.M. on days when the light intensity was relatively high for the 
season. Temperatures in the greenhouse ranged from 70° to 85° F. during 
the day and 68° to 70° F. at night. Aqueous solutions of 2,4-D were pre- 
pared from a commercial formulation (Dow Chemical Co.) of an alkanol- 
amine salt mixture (ethanol and isopropanol series) containing 40 per cent 
2,4-D acid equivalent (4 lb. 2,4-D per gal.). Dilutions of 0.4 per cent or 
higher were made on a gravimetric basis with respect to the quantity of 
2,4-D acid equivalent required for a given concentration and then made up 
to volume with distilled water. Lower dilutions were made from a 0.4 per 
cent solution on a volumetric basis. 

The alkanolamine salt of 2,4-D was chosen as a standard solution be- 
cause of its ready availability on the market and its high solubility in water. 
Results with other formulations of 2,4-D, including those containing 
spreaders and other adjuvants, will be discussed in a later report. 

Measured volumes of test solution (0.001 to 0.01 ml.) were applied to 
a tomato leaflet by means of a graduated pipette having a capacity of 0.1 
ml. The graduated divisions were equivalent to o.or ml. on one type of 
pipette and to o.oor ml. on another type. The test solution was deposited 
on the upper surface of a leaflet by contact with the midrib 5 to ro mm. 
above the base. A standard treatment consisted of treating one or more 
leaflets on the fourth leaf. 

Evaluation of responses. The principal responses evaluated on plants 
treated with 2,4-D were as follows: modification of leaves, stem bending, 
declination of treated leaf, proliferation of stem tissue (change in color 
and swellings generally associated with induction of roots), and change in 
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rate of stem elongation based on height measurements of treated plants 
as compared with controls. Stem bending and the declination of the 
treated leaf were measured with a protractor having a radius of one and 
seven-eighths inches. The increase in height (stem elongation) of test plants 
was measured in centimeters. Other responses were estimated in terms of 
several relative magnitudes ranging from a trace to an extreme or maximal 
degree, each relative magnitude of response being assigned a different 
numerical value ranging from one to six. The total effect of the treatment 
was determined by rating the plants according to the combined expression 
of all responses. There was good agreement between rankings for total 
response and each individual response. 

In view of the tedious procedure used to obtain numerical values for 
all responses, a more rapid method of evaluation was sought. A method of 
evaluating the toxic effects of sulfur dioxide based on the rating of treated 
plants according to their relative degree of injury (8) appeared to be applic- 
able in the present tests for rating the responses induced by 2,4-D on toma- 
toes. Initial results showed that the individual responses as well as the 
total effect of the treatment induced by 2,4-D on tomato could be quickly 
rated merely by arranging the treated plants in one or more rows in the 
order of an increasing magnitude of any given response. The rating of 30 
to 40 treated plants generally required ten minutes or less. Rank values 
were assigned to each plant, beginning with a rank of 1 for the least re- 
sponse and increasing consecutively to the highest rank value for the most 
pronounced response. The rank values were used as a basis for statistical 
analysis (3, 5, 10,11). 

The influence of important limiting factors was determined by arrang- 
ing the ranks as shown in Tables I to IV inclusive. Relationships between 
different responses in the same tests, including the agreement of replicates, 
and in different tests, were determined by means of rank difference cor- 
relation coefficients, the calculation of which is a simple, rapid procedure 
(9, p. 165; 10). Efficient use of rank methods for evaluating responses in- 
duced by 2,4-D depends upon a knowledge of the doses required to induce 
a given magnitude of response on the test plant. The importance of this 
information for the rating of treated plants may be judged by an inspection 
of the dosage-response curves in Figure 1. The log scale was used as a 
matter of convenience for covering a wide range of dosage. It is, of course, 
necessary to determine dosage-response relationships for each new com- 
pound being tested. 

When responses involved a wide range of dosage, it became necessary 
to assign increasingly higher ranks to plants exhibiting responses corre- 
sponding to the descending portion of the dosage-response curves. For 
example, if two treated plants had increased in height by 20 mm., they 
could be assigned a rank corresponding either to 1 y 2,4-D on the ascending 
portion of the curve for increase in height, or to 6 y 2,4-D which lies on 
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the descending portion of the same curve (Fig. 1). The presence or absence 
of proliferation would determine whether either or both plants were as- 
signed the higher or lower ranks. The method of assigning increasing rank 
values proportional to the decreasing expression of a given response in the 
high dosage range is shown in Table IV. If this adjustment were not made, 
some of the treated plants in the high dosage range would have the same 
ranks as plants in the low range, thus indicating little or no effect of the 
treatment. This type of adjustment constitutes a special feature of the 
present method of evaluation since responses corresponding to all portions 
of a dosage-response curve are utilized in rating treated plants. The absence 


an eR (Tome A ah 


© Height increase -12 to 14 days 
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FIGURE 1. Dosage-response curves based on the average responses on tomato in three 
tests and the corresponding ranks showing the maximum deviations in all tests. 


of a response or its lesser expression in the high dosage (descending) range 
is fully as important for rating plants as any magnitude of response corre- 
sponding to the ascending portion of the dosage-response curve. 


RESULTS WITH 2,4-D 


Rating based on all responses. The influence of concentration and quan- 
tity of 2,4-D and the number of treated leaflets on the response of tomato 
was first determined by rating the plants according to the combined 
expression of all responses at various time periods after treatment. All of 
the principal responses, except proliferation, used as a basis for rating the 
treated plants increased with the dose of 2,4-D up to a maximum and then 
decreased as indicated in Figure 1 and as illustrated in Figures 2 and 3. 
Proliferation increased with the dose of 2,4-D up to a maximum. Relative 
differences in individual responses, such as threshold values, the order in 
which each response reaches a maximum, and the presence of inhibitive 
effects associated with a decrease in rate of growth were important criteria 
for rating treated plants. As will be shown later, the ranks for individual 
responses were correlated with the ranks for all responses (Table IV). 

If doses of 2,4-D high enough to inhibit growth were included, the rating 
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of treated plants increased with the magnitude of the response up to a 
maximum response and thereafter the rating continued to increase in 
proportion to the decrease in response shown on the descending portion 
of the dosage-response curves (Fig. 1 and Table IV). Plants shown in Fig- 
ure 2 Can serve as examples of how the responses on treated plants were 
rated on the basis of relative differences and assigned rank values. In Fig- 
ure 2 A the plants would be ranked 1, 2, 3, 4, 5, 6 from left to right, since 
this order represents an increase in stem bending, stem elongation, and 
modification of terminal leaves. Similarly the plants in Figure 2 B would 


FIGURE 2. Results obtained with different volumes of 2,4-D solution applied to one 


€ 


leaflet on tomato, showing relation between concentration (%) and quantity of 2,4-D ap- 


plied to each plant. Increasing amounts of 2,4-D, from left to right, are shown in A and B. 


be rated in increasing order from left to right on the basis of increased 
stem bending for the four plants on the left, and a decrease in modification 
and in terminal growth for the four plants on the right. The degree of 
proliferation on stems increases from left to right. A quantitative method 
of rating treated plants, according to the dose of 2,4-D required to induce 
a given response, is described in another section. 

Evaluation of combined responses. After the treated plants had been 
rated and assigned ranks, the rank values were used as a basis for determin- 
ing relationships between concentration and quantity of 2,4-D, the volume 
of test solution applied per leaflet, and the number and location of the 
treated leaflets. In one experiment 16 different doses of 2,4-D were ap- 
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FIGURE 3. Relation between the magnitude of response on tomato and the number of 
leaflets treated with the same dose of 2,4-D when o.or ml. of 2,4-D was applied to one or 
more leaflets on the fourth leaf. Concentration of 2,4-D was as follows: A. 0.0025; B. 0.01; 
and C. 0.04 per cent, expressed as y per plant. Number of treated leaflets in A, B, and C was, 
from left to right, 0, 1, 2, and 4. 


1951] Hitcucock & ZIMMERMAN—GROWTH REGULATORS 231 


plied in duplicate, making a total of 32 treated tomato plants. When the 
ranks for combined responses are arranged as shown in Table I, it is seen 
that they increase with increasing. concentration and quantity of 2,4-D 
and with increasing number of treated leaflets. Duplicate treatments 
showed good agreement as indicated by the near equality of ranks. 

The relative importance of concentration and quantity of 2,4-D and 
the number of treated leaflets is also shown in Table I, but these relation- 


TABLE I 


TotaL EFFECT OF 2,4-D TREATMENT ON BonNy BEsT ToMATO AFTER TEN Days As 
REPRESENTED BY RANKED RESPONSES* 


Nie ak leaflets Ranks for responses induced by the concentrations 
Seated wiih of 2,4-D (vy ml.) shown Rank 
0.01 ml. of 2,4-D totals 
Fis 28 IIo 440 
I ek 4a Oman 15 
I \ 
aaa 3 2 9 5 15 f./ 59 
suit ES, 20 25 
4t 6 3 17.5 8 19 ae) 28 13 130.5 
7 TES 28 rea 
4tt 3 [4 re eee A 12 20 4 142.5 
15 22 30 gee Yt ‘ 
16 17.5 9 as II a7 et 15 32t- 16 196 
Rank totals 61.5 OsmyS TOR 5 199.5 = 


L.S.D. for rank totals 28 at 5% and 40 at 1% levels 


* Rank 1 least and rank 32 greatest response. 

** Ranks for the average of duplicates (outside bracket) used in Tables II and III. 

{ Four leaflets on fourth leaf treated. 

tt One leaflet on each of four leaves treated. 

t Plants killed by treatment. 
ships are more readily seen when the same data are rearranged on the basis 
of average ranks as in Table II which required re-ranking as indicated in 
Table I, to give 16 ranks. When each of the three factors was held constant 
while varying the other two, the ranks for response increased considerably 
more when concentration or number of leaflets was held constant than 
when the dose of 2,4-D (y per plant) was held constant. In this case an 
average increase of 4.8 ranks (col. 6) was obtained for the 14 combinations 
in which a four-fold increase in the dose of 2,4-D (col. 7) was brought about 
by a four-fold increase in the number of treated leaflets (col. 8). For exam- 
ple, at a concentration of 27.5 y per ml. (col. 5), treating 4 leaflets as 
compared with 1 leaflet (col. 8) resulted in an increase in ranks from 2 to 
6 in one case and from 2 to 7.5 in another case (col. 6). These results are to 
be compared with the smaller average increase of 2.8 ranks (col. 10) for 
the rz combinations in which a four-fold increase in dose of 2,4-D (col. 11) 
was brought about by a four-fold increase in concentration (col. 12). 
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In the case of treating 4 leaflets on one leaf (col. 9) increasing the concentra- 
tion from 6.9 to 27.5 y per ml. (col. 12) caused an increase from 4 to 7.5 
ranks (col. 10). If the highest dose (70.4 y) is omitted, the corresponding 
average increases were 5.2 ranks for 12 combinations (col. 8) and 3.0 ranks 
for 10 combinations (col. 12) respectively. Similar results were obtained in 
the test where 1, 2, or 4 leaflets on the same leaf were treated (Fig. 3). 


TABLE II 


RELATIVE IMPORTANCE OF CONCENTRATION OF 2,4-D, QUANTITY APPLIED, AND NUMBER 
OF TREATED LEAFLETS ON TOTAL EFFECT OF THE TREATMENT ON BONNY BEsT 
Tomato. DATA FROM TABLE I 


Responses ranked* according to each of three factors at increasing levels 


Quantity 2,4-D Concentration 2,4-D No. of treated leaflets 

Corresponding Corresponding Corresponding 
ny, os Seance af 
per |Rank No. of | per |Rank OY No. of | No. |Rank oY 

plant Co treated| ml. per | treated per Concn., 
y/ml. | teaflets plant | leaflets plant y/mi. 
0.069} I 6.9 I I 0.069 I I 0.069 6.9 
3 0.275 Ai 2 On 27/5 |5 27s 

2 Dios I 6.9; 4 O75 4t I 5 Tia! IIo 

On 27i5| 3 6.9 Viet 9 a! 16 7.5|- 4.4 440 

4 6.9 4t 

5 IIO I 2 0.275 I 4 0.275 6.9 
Lee 6 Das Aopen We 27 as et TI Aue 4t asl etze lt Dips 

TS 2 7s 4t Pe Si Fed 4t 10 4.4 Pato 

9 6.9 16 II 4.4 16 13 £7) 10 440 

— | 

7.5| 440 I 5 i pit I 3 On2i5 6.9 
4.4 ie) IIO Asi ae LO. 10 4.4 4t Me 6 rat NY) 35 

II Di 16 12 4.4 Aes 12 4.4 IIo 

12 110 Ans ng TO 16 14 170 440 
13 | 440 At Heaks|| Lenz I 9 eel 6.9 
17.6 14 440 4** |a40 i 17.6 4t 16 II 4.4 Di. § 

15 110 16 14 C70 peas 15 RO IIo 

16 70.4 16 16 70.4 440 

70.4 16 400 16 


* Rank 1 represents the least and rank 16 the greatest effect on two plants. 
0.01 ml. 2,4-D applied to one leaflet on each of four leaves. 
t 0.01 ml. 2,4-D applied to each of four leaflets on one leaf. 


These results are in line with the trend (Table I) showing that killing oc- 
curred with a lower dose (17.6 y per plant) when a large number of leaflets, 
namely 16, was treated as compared with the treatment of smaller num- 
bers (4 leaflets). In other tests the minimum lethal dose was 40 to more 
than roo y when applied to one leaflet. 

Evaluation of individual responses. The principal responses induced by 
2,4-D on tomato within 14 days were as follows, in the order of decreasing 
sensitivity: modification of leaves, curvature of stem, stem elongation, 
temporary declination of treated leaf petiole, induction of roots, swelling 
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and proliferation of stem tissue, permanent declination of leaves, inhibition 
of terminal growth, and killing. Responses requiring substantially longer 
than 14 days to evaluate, but which are not included in the present analy- 
sis, were the time of flowering and fruit set, development of parthenocarpic 
fruit, modification in shape of fruit, reduction in rate of development of 
roots, modification of roots, threshold values for wilting of foliage, and 
modification of leaves that develop after the resumption of terminal growth 
following a period of growth inhibition. 


Se i up an de ar eT 
50 0.001 mi. 
40 


30 


© Height increase-5 days 

50 ® Leaf epinasty—5 hours 
© Stem bending-5 hours 

40 © Modification-5 days 

9 Proliferation—5 days 


MAGNITUDE OF RESPONSE 


0.01 002 004 0.1 0.2 0.4 1.0 2.0 40 10 20 40 100 
712,450) PER IPEANT 


FiGuRE 4. Dosage-response curves for responses evaluated five hours or five days 
after treating one leaflet on tomato with different volumes of 2,4-D solution. 


The range of dosage of 2,4-D for inducing four different responses is 
shown in Figure 1 and Table IV. In view of the differences in threshold 
values and in the shapes of the dosage-response curves (Fig. 1), a relatively 
wide range of dosage must be used in order to study the relationship be- 
tween these particular responses. For example, stem elongation and 
modification of leaves fell from maximum to zero values in the range of 
dosage where proliferation continued to increase toward a high level of 
response. However, all four responses were measurable in the range of 1 
to 4 y per plant within 5 days (Fig. 4), or in 12 to 14 days (Fig. r). 

Individual responses which increased in degree with increasing doses 
of 2,4-D were compared at the same and at different times after treatment, 
depending upon the time of appearance and the duration of the response. 
Declination of the treated leaf was evaluated within five hours after treat- 
ment (Fig. 4) and longer lasting curvatures on any leaf were estimated at 
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the end of 24 hours (Fig. 5 A) or later. Negative changes in rate of stem 
elongation required more than five days to evaluate. Stem curvature was 
evaluated at various periods from five hours up to the time the weight of 
the plant became a limiting factor which was about two weeks. During 
this period changes in stem curvature were of relatively the same order of 
magnitude for doses of 2,4-D of 1 to ro y per plant, but varied noticeably 


TABLE -III 


CORRELATION OF INDIVIDUAL RESPONSES WITH ALL RESPONSES ON Bonny BEstT 
ToMATO PLANTS TEN DAYS AFTER TREATMENT 


Ranks for different responses 
No. of Concn. of 

leaflets 2,4-D, Epinasty Stem Proliferation All responses* 

treated y/ml. leaves, | curvature, on stem, 

Daas: 7 days 7 days 7 days 1o days** 
6.9 I I I I I 
I 27 5 2 2 4 4 2 
IIo 9 ii 5 6 5 
440 9 6 10 9 8 
6.9 4 3 2 3 3 
4t 27-5 5 12 8 8 7 
IIo 9 9 cE TE ge) 
440 9 13 Tes 12 13 
6.9 3 4 3 2 4 
4tt 2765 6 9 6 5 6 
110 12 15 12 14 12 
440 15 9 15 13 14 
6.9 9 5 7 7 9 
16 27-5 14 14 9 ite) LE 
110 13 II 14 5 15 
440 16 16 16 16 ; 16 
Rank difference correlation .8794 . 8382 .9017 .9647 = 
coefficient (r’) tf 


“8 * Including modification of leaves and inhibition of growth. 
* Ranks from Table I with split rank values of 7.5 shown here as 7 and 8 respectively. 
; Four leaflets on one leaf. 
tt One leaflet on each of four leaves. 
t r’>.516 =significant correlation. 


with time for doses higher than 10 y (Fig. 5 A). Eventual recovery to the 
vertical position occurred below 1 y. The relations between certain 
individual responses and between each response and the total effect of the 
treatment are shown in Tables III and IV and in Figure 1. 

The method of ranking individual responses was the same as that used 
for ranking the total effect of the treatment (Fig. 1 and Table IV), namely, 
the use of increasing rank values for increasing degrees of response up to a 
maximal expression, and a continued increase in rank value for a decreasing 
response associated with inhibition of terminal growth or other high dosage 
effects. In the case of measured values this meant assigning higher ranks 
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J 


FIGURE 5. Results obtained with four different methods of treating tomato with 2,4-D 


at a dose ratio of 10, increasing from left to right with controls on left: A. o.or ml. applied 
to one leaflet, starting with o.o1 per cent; B. 10 mg. 2,4-D per g. lanolin applied to base of 
leaf and adjacent stem, starting at o.o1r mg. per g.; C. 3 ml. spray solution applied to foliage, 
starting at o.coor per cent; D. 20 ml. applied to soil surface, starting at 0.c0or per cent. 
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to lower numerical values, including zero and negative values, as indicated 
in Table IV. If this type of adjustment were not made in the method of 
ranking, responses which were actually closely correlated on the basis of 
increasing dosage effects and with highly significant rank difference cor- 


TABLE IV 


RELATION OF INDIVIDUAL RESPONSES TO COMBINED EFFECT OF ALL RESPONSES ON 
Bonny Best Tomato TEN Days AFTER TREATMENT WITH 2,4-D 


Curvature of Av. increase |Combined 
stem away Proliferation Modification in height effect of 
2,4-D, from treated on stem of leaves over all 
y per leaf controls responses 
rg Relati Relati 
oe elative a elative * * * 
Degree) Ramen cant (en Pamount Rank* | Mm. | Rank Rank 
o.or ml. applied to leaflet 
100 SS. pre 14 2 16 ° Teas = 58 16 iS os 
40 at als 9 Lin ° Hoe are as 14 
10 63 TW 9 ih S ° 125 =i) Ts TIES 
4 38 9 4 9 11 10 38 9 9 
I fo) 4 ° 4 i "i 18 6 7 
°.4 ° 4 ° 4 5 4.5 5 25 4.5 
o.1 ° 4 ° 4 I 3 ES I 3 
0.04 fo) 4 fo) 4 fo) TS 5 2.8 Tg 8 
o.oor ml. applied to leaflet 
100 Sig 16 10 14 fo) BoB —28 13 SS 
40 See 15 10 14 fo) 13.35) = 38 14 re 
10 58 II Io 14 ° UR Sis G65 TI 3 § 
4 48 ste) 5 10 9 S58 20 i ste) 
I 25 8 2 8 9 8.5 50 10 8 
0.4 fo) 4 fo) 4 6 6 25 8 6 
Onl ° 4 fo) 4 5 Ais 10 4.5 Ake 
0.04 ° 4 ° 4 ° TJ Io 4.5 tes 
te . 8603 .8412 .9088 .9242 
(>.514 Is signifi- 
cant for 16 ranks) 


* Ranks adjusted for high dosage effects as explained in text. 

** Change in direction of curvature after extreme initial bending away from treated 
leaf (see text). 
relation coefficients would appear unrelated. For example, the absence of 
modification due to lack of growth occurred in the range of 10 to 100 
of 2,4-D (Table IV). If all eight zero values entered in column 7 were as- 
signed equal ranks of 4.5, the correlation would be non-significant 
(r’= —.3315) instead of the highly significant one shown (r=.go088). 
High rank values of 13.5 were assigned to the six plants showing neither 
modification nor terminal growth, and low rank values to the two plants 
showing growth but no modification. 

The rate of stem elongation in excess of controls reached a maximum 
in the range 1 to 4 per plant. The entire stem from cotyledons to growing 
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tip was involved (Fig. 6) with a maximal peak from the rath to rsth inter- 
nodes and a lesser peak above and below the treated leaf (3rd to 5th inter- 
nodes). One to three additional leaves developed at the terminals of the 
treated plants which exhibited maximal elongation. This noticeable and 
significant increase in height of treated plants involved a significant in- 
crease in wet weight, but not in dry weight. The increase in wet weight 
was due primarily to a higher moisture content of the stems, there being 
no marked change in the wet weight of leaves, although many of them were 
abnormally small and noticeably modified.: The increased rate of stem 
elongation was associated with a measurable degree of stem bending below 
the treated leaf. 

Although measurable stem bending preceded measurable declination 


70 + 


GM increase due to treatment 


HEIGHT IN MM. 


| 2 3 4 5 6 7 8 iS) 10 ' 12 13 14 15 16 hin 
INTERNODE NUMBERED FROM BASE 
FiGurE 6. Increase in height of tomato showing parts of stem which contributed to 
increase. The increases shown are the averages for nine plants treated with 1 to 2.5 y 2,4-D 


per plant and for nine non-treated controls. 


of the treated leaf, these two responses and stem elongation were at near 
maximum levels of response in the range of 1 to 4 y of 2,4-D (Fig. 4). This 
is in contrast to lanolin treatment in which case measurable leaf declina- 
tion occurred without measurable stem bending when the basal portion of 
the petiole was treated. It appeared that 2,4-D was translocated more 
readily from leaflets than from the surface of the petiole. This was further 
demonstrated by results of tests in which the treatment of the basal 
portion of the petioles on the second, third, and fourth leaves with 0.1 
mg. 2,4-D per gram of lanolin induced less stem bending than a combi- 
nation of this treatment with application to the adjacent stem. In contrast, 
stem bending and declination of the treated leaf were much greater when 
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four leaflets on the fourth leaf were treated with the same lanolin prepara- 
tion of 2,4-D. However, the treated areas were not comparable in size. 

Responses were quantitatively different on plants treated with equiva- 
lent dosages of 2,4-D in different volumes of water (Fig. 4 and Table IV). 
It was originally assumed that 0.01 ml. of a water solution of 2,4-D would 
spread over an area on the surface of the leaflet equal to about ten times 
that covered by 0.001 ml. The greater effectiveness of the smaller volume 
indicated that the foregoing assumption was not correct. Results of one 
test are shown in Figure 4 for curvature responses occurring in five hours 
and for other responses occurring in five days. Threshold values for all 
five responses were lower when 0.001 ml. of test solution was applied to 
one leaflet on the tomato. Two other tests gave similar results. 

Differences in response represented by one of three replicate series of 
plants in the same test are shown in Figure 2. Where the quantities of 
2,4-D were equivalent (0.25, 1, and 4 y) the concentration for o.oo1 ml. 
was ten times that for o.o1 ml. That the difference in response was 
probably due to the relative size of the treated area and not to con- 
centration, was indicated by the observed difference in spreading action 
of o.or ml. as compared with o.oo1 ml. of the applied test solution. The 
smaller volume of solution spread quickly into a thin film, covering an equal 
or greater area on the leaflet than the larger volume which remained in 
a smaller area, as a spherical-like drop for a period of 30 to go minutes, 
depending upon atmospheric conditions. The increased response obtained 
with o.oo1 ml. of test solution is thus explainable on the basis of a ten-fold 
increase in quantity of 2,4-D accomplished by a corresponding increase in 
concentration without decreasing the size of the treated area to the extent 
of ten times, as would be required for making the treatments comparable. 
These results show that the size of the treated area is an important limiting 
factor when treating one leaflet, the same as it was shown to be when treat- 
ing more than one leaflet. 

Dosage-response curves based on measured responses in three different 
tests appear in Figure 7. The curves are similar in shape for a given re- 
sponse. They show relatively little variation according to dosage in the 
case of modification and proliferation, but for stem bending the variation 
is much greater. However, the agreement between tests is considered reas- 
onably good for results based on the evaluation of only two or three plants 
per treatment. The corresponding maximum deviations of ranks for all 
responses in these three tests also show good agreement (Fig. 1). 

As an example of how plants treated with unknown doses of 2,4-D 
may be evaluated quantitatively, the responses on certain plants in Figure 
3 C can be compared with the dosage-response curves in Figure 1. The 
approximate dose of 2,4-D is estimated as follows. The plant on the right 
(Fig. 3 C) shows pronounced stem bending and proliferation which places 
the dose not in excess of 20 y (Fig. 1), and the absence of modification and 
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terminal growth places it above ro y (Fig. 1). The plant in question 
received a dose of 16 y 2,4-D (Fig. 3 C). In the case of the second plant from 
the right, a small amount of modification and terminal growth and con- 
siderable proliferation places the dose close to, but below, 10 y HIG at) 
This plant received a dose of 8 y 2,4-D (Fig. 3 C). The third plant from the 
right shows noticeable stem bending and a marked curled leaf type of 
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FIGURE 7. Dosage-response curves for three responses on tomato in three different tests. 


modification associated with an optimal increase in stem elongation that 
places the dose between 2.5 and 4 y (Fig. 1). A dose of 4 y 2,4-D was ap- 
plied to this plant (Fig. 3 C). The nine treated plants in Figure 3 were 
originally ranked according to an increasing degree of response from left 
to right in each row and from top to bottom in the following order: 1, 2, 4; 
Bese 7 and 678.0: 

A comparison of the present technique for treating tomato plants with 
the standard lanolin, spray solution, and soil application methods was 
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made on the basis of ranked responses (Fig. 8). The appearance of the 
treated plants after 24 hours is shown in Figure 5. All treated plants were 
ranked according to the increasing magnitude of the responses ten days 
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RANKS FOR RESPONSE 


FicurE 8. Relative efficiency of four different methods of treating tomato with 2,4-D 
based on responses ranked 10 days after treatment. Doses of 2,4-D required by different 
methods to induce a given response are shown in the fifth column. The relative differences 
were the same for other magnitudes of the responses. 


after treatment. When the ranks were arranged according to concentration 
and magnitude of response as shown in Figure 8, the slopes of the dosage- 
response Curves were approximately the same with the possible exception 
of the soil application in which case the results were much more variable. 
Since the dose of 2,4-D was known for each method, the ratio between the 
applied dose by other methods, as compared with the leaflet method, was 
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considered a measure of the relative efficiency of the other methods. On 
this basis the technique of applying 0.01 ml. of 2,4-D to one leaflet on a 
tomato was about three times as efficient as the lanolin and spray solution 
methods, and about 20 times more efficient than the soil application 
method. 


APPLICATION OF TWO GROWTH REGULATORS TO THE SAME PLANT 


Several combinations of two growth regulators have been applied 
separately and as mixtures by various techniques to tomato and other test 
plants, and also to cuttings of different species of plants. Indoleacetic 
acid (IA), 1-naphthaleneacetic acid (NA), and 2,4-D were applied as lano- 
lin preparations in the three possible combinations of 2-substance mixtures 
of equal parts of each to tomato plants. On the basis of declination of the 
treated leaf in three hours, [A and NA and JA and 2,4-D were approxi- 
mately equivalent and additive at near threshold concentrations, but the 
mixtures of NA and 2,4-D gave generally lower declination values and 
greater variability in replicate treatments. IA and NA had equivalent 
threshold values which were one-tenth that for 2,4-D. 

When 2,4-D was applied to tomato at the rate of 10 y per plant, the 
treatment caused marked proliferation but little or no modification since 
terminal growth was inhibited (Fig. 1). A dose of more than too y IA was 
required to induce noticeable proliferation, yet the application of ro to 
100 y IA in combination with to y 2,4-D caused a marked reduction in 
proliferation as compared with that induced by to y 2,4-D used alone. 
Furthermore, the combination treatment resulted in the growth of notice- 
ably modified leaves. These results indicated that IA had reduced the 
effectiveness of 2,4-D by 2 to 4 times. The reduction was greater when 
mixtures of IA and 2,4-D were used as compared with applying IA and 
2,4-D on separate leaflets. 

Tests with lanolin preparations and aqueous solutions of 2,4-D and of 
2,3,5-triiodobenzoic acid (TIB) showed either additive or synergistic 
effects for stem bending and for inducing the growth of axillary shoots on 
tomato. Additive effects illustrated for stem bending in Figure 9 show 
that increasing the concentration of either 2,4-D or TIB caused increased 
bending regardless of whether the two solutions were applied separately 
to different leaflets or as mixtures. When used alone, 2,4-D caused little 
or no stem bending at a concentration of ro to 20 mg. per liter. Likewise, 
TIB was inactive for stem bending at concentrations of 200 to 400 mg. 
per liter. At higher concentrations each substance was active for inducing 
stem bending, but even in the higher range, combination treatments were 
additive. The additive effects were also evident when the treated leaflets 
were cut off at various time intervals, ranging from 15 minutes to 24 hours 
after treatment. The latter results are similar to those obtained with an 
application of 0.01 ml. of a 0.01 per cent solution of 2,4-D toa tomato leaf- 
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let in showing that in from 15 minutes to several hours, sufficient 2,4-D 
entered the rest of the plant to induce rooting and modification responses 
on cuttings made from stems and leaves of the treated plant. 


800 TIB 
20 2,4-D 


400 TIB 
10. 2,4-D 


400 TIB 
BO 24-0 


FIGURE g. Additive effect on stem bending resulting from application of 2,4-D and 
TIB solutions to leaflets on fourth leaf (left side) of tomato. A. and C. Doses of 2,4-D shown 
(mg. per liter) were applied to separate (opposite) leaflets. B. Mixture of equal parts of both 
substances applied to each of two opposite leaflets. 


Combination treatments with 2,4-D and the diethanolamine salt of 
maleic hydrazide (obtained from Naugatuck Chemical Division) induced 
additive and antagonistic effects. Doses of 100 to 400 y of maleic hydrazide 
(M.H.) and from 10 to 40 y of 2,4-D per plant disrupted apical dominance 
in tomato. In one case (10 y of 2,4-D and 400 y of M.H.) the continued 
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growth of four axillary shoots was associated with inhibition of terminal 
growth for a period of more than seven weeks. An additional shoot at the 
fifth node, and nearest to the stem terminal, grew to a length of three inches 
and then stopped, after forming an abnormal type of terminal which con- 
cealed the growing tip. Secondary axillary shoots started growing from 
this particular axillary shoot. The four axillary shoots. below continued 
growing with no evidence of an apical dominance factor being transported 
from one shoot to another through the main stem of the plant. However, 
each of these shoots exhibited its own apical dominance system since the 
axillary buds had not developed. 

Evidence that both 2,4-D and M.H. had been present in the four shoots 
at some time during their growth from the bud stage, was furnished by the 
presence of modified leaves. The lower one to three leaves exhibited pat- 
terns typical for M.H.; the mixed patterns on the middle leaves were 
caused by the presence of both substances; and the upper leaves exhibited 
patterns of the 2,4-D-induced type including the dark bluish-green color 
of the foliage. Plants treated only with M.H. developed fewer and slower 
growing axillary shoots of light green color similar to non-treated control 
foliage. The lower one to three leaves were abnormally small and notice- 
ably modified, but those above were of about normal size and the leaflets 
were of nearly normal shape. During the same period of about six weeks 
plants treated only with 2,4-D did not form axillary shoots below the one 
normally located above or below the flower cluster. Later on, modified 
axillary shoots appeared, indicating that 2,4-D had been present in the 
axillary buds. 

One of the tomato plants which received the same dose of M.H: (400 y) 
but four times the dose of 2,4-D used previously (40 y) developed axillary 
shoots at the cotyledonary and first nodes at the same time terminal growth 
was resumed. This occurred after four weeks of inhibition of growth on the 
entire plant. Terminal and axillary shoot growth was active, and the modi- 
fied foliage was mainly of the 2,4-D type except for the one to three lower 
leaves which were of the M.H. type. Similar results were obtained with 
lower doses of each substance (10 y 2,4-D and tooy M.H.) except that the 
rate of growth of terminal and axillary shoots was much slower. In this 
case the apical dominance inhibitor was not transported from the main 
shoot to the axillary buds which grew from the adjacent lower nodes with- 
out inhibiting each other. 

In other tests with combination treatments of 2,4-D and maleic hydra- 
zide it was observed that the latter substance decreased or prevented the 
development of rooting, swelling, and proliferation which was induced by 
the same doses of 2,4-D when used alone. Similar results were obtained on 
sunflowers and zinnia. The 2,4-D type of modification was reduced by 
maleic hydrazide on snap bean. Combination treatments with NA and 


244 CONTRIBUTIONS FROM BoycE THOMPSON INSTITUTE [VoL. 16 


2,4-D on tomato resulted in the production of a greater number of root 
projections associated with extensive areas of only moderate proliferation 
than was obtained with either substance used alone. Furthermore, the 
root initials continued to grow out from the stem to a longer length, regard- 
less of the degree of fasciation, as compared with those induced by 2,4-D. 
Combination treatments of NA and 2,4-D appeared to be additive for 
stem bending but antagonistic for stem elongation. When used alone, 
NA did not cause an increase in stem elongation as was true for 2,4-D. 
The action of 2,4,5-T on rooting was similar to that of NA when used alone 
and in combination with 2,4-D. This type of rooting response, like the 
induced growth and development of axillary shoots, is a qualitative differ- 
ence. The fact that qualitative as well as quantitative differences can be 
detected and evaluated makes the present method much more flexible 
than other test methods which are designed to determine only quantitative 
differences. 

Most of the combination treatments which induced unusual effects 
resulted in greater variation among replicates than was obtained with 
either substance used alone. Thus most of the unusual effects appear to be 
critical with respect to the doses of the substances which induce them. 


DISCUSSION 


Results with the improved method of measuring the response of tomato 
to 2,4-D showed that under a wide range of conditions there was a consist- 
ently close relationship between the dose of 2,4-D (y per plant) and the 
magnitude of the induced responses. The responses evaluated by means 
of rank methods showed close agreement regardless of whether based on 
measurements or on relative differences arrived at by rating treated plants. 
This made possible the use of rank methods in conjunction with dosage- 
response curves as a means of determining quantitatively the influence of 
new factors on the magnitude of the responses. A change in the magnitude 
of responses was nearly the same when the dose of 2,4-D per plant was 
varied by either changing the concentration of 2,4-D or the number of 
treated leaflets. However, when the volume of applied solution was reduced 
from o.or to 0.001 ml. with a corresponding increase in concentration of 
ten times, the magnitude of responses was consistently greater instead of 
being equivalent on the basis of an assumed reduction of ten times in the 
size of the treated area. Thus there appears to be a limit to the reduction 
in size of the volume of applied solution which will result in a proportional 
decrease in the size of the treated area. 

Regardless of whether treated plants were rated for individual respon- 
ses or for the total effect of treatment based on all responses, more than 
one response was used as a basis for the evaluation. For example, in rating 
plants for modification, the relative amount of proliferation was used as 
a guide for assigning ranks to plants which had about the same magni- 
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tude of modification. In this case the plants showing the greatest amount 
of proliferation were assigned the highest ranks for modification. Similarly, 
the relative amount of proliferation was used as a guide for differentiating 
between plants showing about the same change in height. Thus for plants 
of about the same height, those showing the greatest amount of proliferation 
were assigned the highest ranks for increase in height. 

It is to be observed that response values on the ascending portion of 
the curves for modification and increase in height can be the same as those 
on the descending portion (Fig. 1). However, other responses (proliferation 
and curvature of stem and leaves) induced by the higher doses of 2,4-D 
(5 to 10 y) were sufficiently different to be readily distinguishable from the 
responses induced by lower doses of 2,4-D (0.5 to 1.5 y). These and other 
differences were also used as a basis for determining unknown doses of 
2,4-D applied by different methods to tomato plants. By selecting the 
response values on the dosage-response curves (Fig. 1) which corresponded 
to those on the treated plant, the equivalent dose of 2,4-D could be read 
directly from the abscissa values (y 2,4-D per plant). Data in Figure 8 
were derived in this way. The results (Fig. 8) show that for inducing a 
given magnitude of response on tomato, the leaflet method required appli- 
cation of the smallest quantity of 2,4-D. 

Although the lanolin and spray methods of treating tomato were shown 
to be less sensitive than the present method, the relationship between in- 
duced responses and the dose of 2,4-D was essentially the same in all three 
cases. In view of the much greater variability in results with soil applica- 
tions, it is not certain whether the dosage-response curves for this method 
are similar to those for the other methods. 

The similarity in results obtained with lanolin preparations and 
aqueous solutions of 2,4-D indicates that lanolin does not improve penetra- 
tion or serve as a reservoir of 2,4-D. However, the results serve to em- 
phasize the importance of using the dose of 2,4-D per plant as the basis 
for comparing the results obtained by different methods. This is in line 
with the generally accepted practice of recommending the use of herbi- 
cides on the basis of the quantity per acre rather than on the basis of the 
concentration of the applied solution. 

The importance of the volume of applied test solution and the location 
and relative size of the treated areas indicate that some improvement in 
the lanolin method might result from treatment of a smaller area, particu- 
larly if the leaflets were treated. From the standpoint of a routine procedure 
for comparing the activities of different growth regulators the present 
method is more rapid with respect to the preparation of a dilution series. 

The greater effect resulting from an increase in the number of treated 
leaflets has a direct bearing on phytotoxicity. Since the lethak dose of 
2,4-D decreased with increasing number of treated leaflets (Table I), it 
seems likely that increasing the number of treated areas on a leaflet would 
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also decrease the lethal dose. In either case a point would no doubt be 
reached when any further increase in number of treated areas would cease 
to show a proportional decrease in the lethal dose of 2,4-D. Thus complete 
coverage of a tomato plant with a solution of 2,4-D applied as a spray 
may not always be essential, particularly with relatively high concentra- 
tions, as was shown to be the case for water hyacinth (7). 

Modification of leaves appears to be the most sensitive detectable re- 
sponse to 2,4-D that can be measured quantitatively. Since the leaf area 
of a modified leaf is reduced rather than increased, the effect appears to 
be inhibitory. This is in opposition to the generalization that low doses of 
growth regulators stimulate and high doses retard or inhibit. It is of inter- 
est that a low dose of 2,4-D which causes mild modification of leaves can 
cause this inhibitory effect without exerting a stimulatory effect, such as 
cell elongation, in the treated leaf or in the stem. This is in contrast to 
higher doses which induce optimal cell elongation responses in the treated 
leaf and in the stem but cause the maximal reduction of leaf area on modi- 
fied leaves. 

Results obtained with combination treatments show that both quali- 
tative and quantitative differences are involved. The consistently greater 
variability of results obtained with the use of 2,4-D in combination with 
certain other growth regulators shows that the ratio between the doses is 
critical. It is also an indication that the two substances are probably affect- 
ing the same chemical systems in the tissue in some cases but not in 
others. In the case of disrupted apical dominance it would appear that 
maleic hydrazide and 2,4-D affect different chemical systems in the plant. 
The present method of treating plants appears to be particularly suitable 
for studying the effects of combination treatments with growth regulators 
or for determining the effect of various adjuvants on a given growth regu- 
lator (6). 

The additive and antagonistic effects induced on tomato by combina- 
tion treatments should not beconfused with anti-auxin or auxin antagonistic 
effects ascribed to TIB by other workers (1, 2, 4) which it is believed do 
not apply to the present results. TIB was considered an auxin antagonist 
when applied in combination with IA in the Avena test, since curvatures 
were reduced as compared with the use of IA alone (4). When applied to 
soybean, TIB did not induce flowering in long-day plants although a 
greater number of flower buds appeared on the treated short-day plants. 
It was assumed without measurements that the auxin level was reduced 
in plants treated with TIB. Non-treated vegetative and flowering soybean 
showed no consistent or significant difference in auxin level. Likewise, no 
difference in auxin level was found .in long- and short-day Xanthium 
plants (2, p. 623). 

When NA was applied to photoinduced short-day Xanthium plants, 
flowering was suppressed without causing a change in auxin level in the 
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treated plants (1, 2). The assumed anti-auxin effect of NA in suppressing 
flowering in short-day Xanthium, its counteraction by use of TIB in combi- 
nation with NA, and the induction of flowering in long-day Xanthium 
(but not in long-day soybean) treated with TIB were not supported by 
data showing that the auxin level had changed either in treated or control 
short- and long-day Xanthium plants or cuttings. These results indicate 
that there was no relation between the cell-elongating activity of NA and 
TIB in the Avena test and the pronounced regulating effects induced by 
these two substances in Xanthium and soybean, or induced by TIB in 
tomato (12). Nevertheless, it was concluded, contrary to the findings, that 
flowering in Xanthium may be caused by a decrease in the auxin level in 
the plant brought about by short photoperiods or by applied anti-auxins 
(1, p. 627). This assumption was considered to be in agreement with the 
conclusion of Galston (4, p. 359), that TIB ‘‘possesses anti-auxin activity 
of some sort,’’ even though it was not demonstrated by the results with 
soybean. 

Regardless of whether T1B causes a change in level of extractable sub- 
stances that are active in the Avena test, this could not in itself constitute 
proof that the substances showing activity on Avena played any important 
part in flowering of the plant in question. In view of the remarkable growth- 
regulating properties of TIB, other substituted benzoic acids, and many 
substituted phenoxy acids, the question of whether these growth regulators 
exhibit cell-elongating activity in the Avena test is of minor importance 
(12, pp. 495, 496), and the same holds true for other test objects used 
specifically for measuring cell-elongating activity. 


SUMMARY 


A technique for treating tomato plants with growth regulators consisted 
of placing important factors on a quantitative basis with respect to the 
concentration and quantity of the applied growth regulator, the volume of 
test solution used, and the location and relative size of the treated area. 
For a given volume of applied test solution (0.001 to o.or ml.), the con- 
centration of 2,4-D, the number of treated leaflets, and the dose of 2,4-D 
(y per plant) were of increasing importance, in the order named, for 
increasing the magnitude of the induced responses on tomato. 

Evaluation of induced responses consisted of ranking measured re- 
sponses or of arranging the treated plants in the order of increasing magni- 
tude of any given response, or according to all responses, assigning rank 
values to each plant, and then analyzing the assigned values statistically 
by rank methods. Ranked responses in different tests showed good agree- 
ment when compared quantitatively by use of reference points on standard 
dosage-response curves. 

The method of rating plants in a continuously increasing order made 
use of the presence or absence of responses corresponding to all parts of 
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dosage-response curves, including decreasing, zero, and negative values 
in the high dosage range. 

The decreasing order of sensitivity of responses in the range 0.04 to 
100 Y per plant was: modification of leaves, curvature of stem, increase in 
height (stem elongation), temporary declination of treated leaf petiole, 
induction of roots, swelling and proliferation of stem tissue, permanent 
declination of leaves, inhibition of terminal growth, and killing. 

Other growth regulators (including TIB) used in combination with 
2,4-D induced additive and antagonistic effects on tomato, sunflower, 
snap beans, and zinnia. Combination treatments applied to tomato also 
induced responses which were qualitatively different, particularly with 
respect to rooting (NA and 2,4-D, and 2,4,5-T and 2,4-D) and disruption 
of apical dominance both with and without active terminal growth (maleic 
hydrazide vs. 2,4-D). The reason why these effects and some of the effects 
on flowering reported by other workers cannot be considered anti-auxin 
or auxin antagonistic effects, is discussed. 

On the basis of the minimum quantity of 2,4-D required to induce a 
given response, the efficiency of the present method was about three times 
greater than the standard lanolin or spray solution methods, and about 
20 times more efficient than the soil application method. 
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FLOWERING HABITS AND FERTILITY OF SOME 
CINCHONA SPECIES IN GUATEMALA 


CLYDE CHANDLER 


Interest in the culture of Cinchona in the western hemisphere was re- 
awakened during World War II when the United States was deprived of 
shipments from Java at a time of unprecedented demand for quinine. Sev- 
eral corporations and individuals made plantings in Central America. The 
United States government cooperated by sending scientists to Guatemala 
to study the problems of propagation, culture, and disease (1). Merck & 
Co., Inc., which had expanded its plantings of Cinchona, inaugurated a re- 
search program to increase production by selection of clones and by intra- 
specific and interspecific hybridization of C. Ledgeriana Moens., C. Calt- 
saya Wedd., and C. succirubra Pav. The writer conducted investigations on 
this project primarily at the Finca El] Naranjo at Chicacacao, Such., Guate- 
mala, from August, 1944 to March, 1947. 

In the course of the breeding work it was necessary to study the flower- 
ing habits of the various types of trees in all three species. The flowering 
habits, and the results of self- and cross-pollinations of the various clones 
available for breeding purposes, are included in this report. Since data on 
the progeny derived from these studies will not be available for some time, 
this report must be considered as preliminary in nature until final records 
may be taken on their quinine content, vigor, and resistance to disease. 

Approximately 3,000 clones had been assembled and classified by the 
time the writer began these studies in 1944. Three distinct species were 
available: C. Ledgeriana, C. Calisaya, and C. succirubra. In addition, there 
were clones that appeared to be interspecific hybrids that could not be 
placed definitely in any of these species. These are referred to in this paper 
as ledger hybrids or succirubra hybrids, depending upon which species 
they most closely resembled. Those with truly intermediate characters are 
simply called hybrids. These various clones were classified as to content of 
quinine, and other alkaloids, bark thickness, ‘‘graftability,”’ style length, 
disease resistance, vigor, and field location. 

For the purposes of the breeding program, it seemed desirable to disre- 
gard the very low yielding clones and select only the high yielding ones for 
further study. Of the total 1,837 Guatemalan clones of Cinchona, whose 
quinine content justified further study, 82 were selected for the present 
work. Three additional clones of low quinine content but of unusual vigor 
were used in several combinations. 
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MATERIALS AND METHODS 


Flower behavior. For the studies on flower behavior large flower buds 
were tagged and observed at three-hour intervals until anthesis was com- 
pleted and styles had fallen. On April 26 when trees of C. Ledgertana were 
in heavy bloom two clones of this species were selected for observations. 
One clone, H1256, has short-styled flowers while the other clone, H1222, 
has long-styled flowers. At 3 P.M. 50 tags were placed on buds about to 
open on three different trees of each clone. On June 19 at 6 A.M. 50 tags 
were placed on buds about to open on two of the trees for each clone in 
order to determine whether there might be both day and night opening of 
cinchona flowers. 

Similar observations were made for the flower behavior of C. Calisaya. 
Fifty flowers were tagged on each of two trees of the short-styled clone, 
C1219, and on each of two trees of the long-styled clone N1634. Flowers 
were tagged at 6 P.M. July 11. The time of tagging the flowers was delayed 
three hours because of the slightly extended time of the daily rain. It may 
be mentioned here that the flowering season of cinchona coincides with the 
rainy season in Guatemala. Observations were made on the same number 
of flowers tagged the following morning at 6 A.M. 

Fifty buds on one tree of short-styled C. succirubra, P381, and 50 buds 
on one tree of long-styled type, P380, were tagged at 6 A.M. on July 25. An 
equal number of buds were tagged on the same trees at 6 P.M. of the same 
day. All flower observations on this species were made on trees growing on 
Finca Panama, near Guatalon. 

Breeding. All pollinations were fully controlled. At the time the first 
bud on an inflorescence was about to open a wire frame was placed over 
the entire inflorescence and wired to the lower part of the branch. The 
frame was then covered with a nylon bag open at both ends. Cotton was 
placed around the branch at the base of the wire frame and the bag was 
tied in position over the cotton. The other end of the bag was drawn up, 
folded over, and tied in position. Nylon was used because it dried very 
quickly after the heavy daily rains. When the first flower opened, the bag 
was opened from the upper end and rolled back over the wire frame and 
the flower was pollinated. All clones used in breeding were tested for self- 
fertility before hybridization pollinations were made. 

In 1945 all pollinations were recorded at the time they were made. All 
capsules resulting from these pollinations were collected and the number 
of seeds per capsule ascertained. Complete records also were obtained on all 
failures. If, after pollination, there was no enlargement of the ovary and it 
withered and fell, the result was recorded as a failure. 

The breeding in 1946 was done on a commercial rather than on a scien- 
tific scale. However, all pollinations were fully controlled as in 1945. All 
flowers in a bag were crossed with one clone as a pollen parent. Capsules 
were collected and as soon as all capsules from a combination were mature 
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the seeds were collected and weighed. No records were kept for number of 
seeds per capsule or number of pollinations made. 

Due to transportation difficulties and the limited amount of time for the 
succirubra breeding, one bag was devoted to the pollinations of a single 
combination. All flowers were tagged and no untagged flowers developed 
capsules in the bags. Capsules dehisced and seeds fell to the bottom of the 
bags. The exact number of capsules obtained and number of seeds in each 
was not determined. The seeds were removed from the bags and weighed. 

In 1945 a small greenhouse was built. The seeds obtained as a result of 
the 1945 breeding program were planted in flats containing sphagnum moss 
and were watered with a nutrient solution. This method for germinating 
Cinchona seeds was used and found satisfactory at the U. S. Plant Intro- 
duction Garden at Glendale, Maryland, and is well described by Morrison 
(6). 

Colchicine. Both seeds and seedlings of cinchona were treated with 
colchicine in an effort to produce polyploid plants. 


EXPERIMENTAL RESULTS 
Flower Behavior 


The inflorescence of Cinchona is a panicle and the terminal flower of 
every lateral usually opens first as reported by Feenstra-Sluiter (5). How- 
ever, this is not always the case. The flowering of one panicle has been ob- 
served to extend over a considerable period of time. For example, in one 
inflorescence observed during the course of the present investigations, 
the first flower opened on July 1o and the last one on August 5. In this 
particular case, the peak of flowering was reached between July 18 and 
July 27. The largest number of flowers in this inflorescence opening on any 
one day was 37 on July 26. There were 326 flowers in this one panicle. 

Preliminary to any extended hybridization trials, it becomes necessary 
to examine the flower structure and behavior. Darwin (2), in 1877, studied 
dried specimens of C. Micrantha Ruiz. & Pav. from Kew and described 
long- and short-styled flowers of this species. For the Cinchona growing in 
Guatemala, style length has been recorded by other workers for 1,040 
clones. Of these, 504 (approximately 48 per cent) have flowers with long 
styles and the remainder have short-styled flowers. No plant was observed 
with flowers of both types or with an intermediate style form. 

C. Ledgeriana. It will be noted (Fig. 1) that opening of short-styled 
flowers tagged at 3 P.M. on three different trees began about 9 P.M. the 
same day and reached a maximum at midnight, nine hours after the large 
bud stage. Opening continued, however, until 3 p.m. of the following day. 
Flowers of the long-styled clone opened somewhat earlier than those of the 
short-styled type. Most of the former tagged at 3 P.M. were open six hours 


later. 
Other large flower buds of both short- and long-styled types were tag- 
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ged at 3 A.M. to determine whether there might be a set of flowers opening 
during the day as claimed by Feenstra-Sluiter (5). Most of these did not 
open until 9 P.M., requiring 15 hours to open as compared with six to nine 
hours as described above. Thus it has been demonstrated that most of the 
flowers of C. Ledgeriana open at night in Guatemala and not at sunrise as 
reported by Engelbeen (4). 

C. Calisaya. Most of the flowers of the long-styled clone of this species 
open about midnight, but those of the short-styled clone seem to belong 
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FiGuRE 1. Time of flower opening in long-styled and short-styled types of Cinchona 


Ledgeriana. Each graph based on observations of 150 flowers. Flowers in the large bud stage 
were tagged at 3 P.M. or at 3 A.M. for observation. 


to two types—day opening and night opening. The progress of flower 
opening is shown in Figure 2. 

C. succirubra. On the short-styled plant only ten of the 50 buds tagged 
at 6 A.M. and five of those tagged at 6 P.M. opened. The others never opened 
and the closed corollas fell leaving the style exposed for pollination. A few 
more of the buds on long-styled trees opened. Nineteen of the buds tagged 
at 6 P.M. opened from midnight to 6 P.M. of the following day, while 38 buds 
tagged at 6 A.M. opened during the evening from 6 to 9 p.M. Hybridization 
pollinations showed that the stigmas of the succirubra flowers were recep- 
tive though the flowers never opened. Further observations should be made 
for other clones of succirubra in order to determine whether their flowers 
usually behave in this manner. 

The length of time the flowers remain open and in good condition is im- 
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portant in any breeding program. A summary of the average number of 


hours required for the various stages of anthesis for flowers of the three 
cinchona species is given in Table I. 
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FIGURE 2. Time of flower opening in long-styled and short-styled types of Cinchona 


Calisaya. Each graph based on observations of roo flowers. Flowers in the large bud stage 
were tagged at 6 P.M. or at 6 A.M. for observation. 


Breeding 


The object of breeding Cinchona was to obtain hybrids of good growth, 
higher quinine content, and disease resistance. Assays of the quinine con- 
tent of many clones growing in Guatemala had already been made previous 
to 1944. From these clones, ledgers, ledger hybrids, and hybrids containing 
g.5 to 16.1 per cent quinine sulfate in the bark, calisayas containing 7 to 9 
per cent, and succirubras containing 5 to 6.7 per cent were selected for 
breeding. In addition to quinine content, some data on “‘graftability,”’ rate 
of growth, thickness of bark, and disease resistance of different clones were 
available. All of these factors were considered in selecting clones to be used 
in breeding. 

It is not definitely known whether Cinchona flowers are wind- or insect- 
pollinated. For long-styled plants there is ample opportunity for wind- 
pollinations to be effective in fertilization. However, many insects visit the 
Cinchona flowers. Fifty-three different species of these insects were col- 
lected and identified by E. J. Hambleton, entomologist of the U.S.D.A., 
while on a brief visit to Finca El Naranjo. Many of these insects may be 
responsible for hybridization pollinations in the field. 
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TABLE I 
Time REQUIRED TO COMPLETE THE VARIOUS STAGES OF ANTHESIS.* 
Firry FLowers TAGGED ON EAcH TREE 
: Average duration (hours) for 
: Time of Tree stages in anthesis 
Species tagging Clone ie 
buds 1 2 3 4 5 6 7 8 
A oO Bx Deo TA) Ao Hii Ao5) GBo© 
B Oot! Cae) WoWFOcEOcAlr Bo Sits, GoO 
Short-styled 
(H1256) C (Jor) seas) HO) keAlll- Cte) O53) Way BoC) 
Av. Oa6|) Led 128! 2059) OTe fe LOR 4lee3 
3 P.M. — 
A OL) Le2| De Ol 28x25 Op EA OT 205 une 
B On 7) PaO|e 2s Ol20e Sie 43 |LOns | Saieseo 
Long-styled 
(Hise) Cc Oi. 20st! 1.025 0/1347) O20] 225 Neo 
C. Ledgeriana Aes 03 O> Ole O20 On 7n7 | Die Li toe Oleaio 
A Ho Vs) BEOQPAasl| Wo7i| BoObeyas| B.S 
Short-styled B Ops) Bes) BoeQeecal Dott Bohprs. 2) 2.6 
(H1256) 
Av. gO) Bovil B.AQAcO| 2 56)| BoAlayatS| 2.0 
3. AM 
A T2510) £40| 2. O)20% 22103 27 2OnOlmaO 
Long-styled B RFA Teal Agri Xoo) 2eo@l) Bag/|AOsO| 2uc 
(H1222) : 
Nee lieitetsl! 865 De@lisor || Dor) Gov/lGoa|| BO 
A TD 92/10. 3k O21 Fle 2e 5 ) eG ek ORO Geo 
Short-styled B 15102 Ee Ol23) Ol 2a Soho|sonei mame) 
AV. ‘10. 4|nOns)) 141229418254) ae 7|Tan2leono 
6 P.M. 
A GF) a5) Moye Gl) Ao ae Sl DB) Soe 
| Long-styled B Ziel teaKe)| merle All tate) ie) | 18 AO) aS) 
C. Calisaya IN, || Aixel| eS] LEAs S| AoOln@.@] Wai ase 
A tole ea PS One Dalia! 2s 
Short-styled B KEHOE) So s|Honts)| Deg Biden 2.6 
INE IOS) Ase) eel) Oo) Bow) B.© 
6 A.M. 
A eIOO)) hora sOlKvin all Annie] SO oO 
Long-styled B 13.4] 1.7) 1.8/33.1| 2.8)17.6] 3.4] 3.0 
AVE 13/7] THO! LAO ssroll 2noNlOnOllanalmEacto 
Short-styled A Weyl) Wee) Oo) og BoA so) 3. 
6 P.M. 
Long-styled A UBay| Core]! QO)! as Waser ulnz..6), 2.6 
C. succirubra 
Short-styled A 1 Bie |p OS) Ol, O07 7210 Om sts Oso 
6 A.M. 
Long-styled A Zi5O)| Co ssi) Hail Gookeaeyn@.o| a. 


* 1, Bud; 2, bud breaking; 3, bud half open; 4, flower fully open; 5, corolla loose; 


6, corolla fallen, stigma in good condition; 7, stigma black; 8, style fallen. 
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There is ample opportunity for experimental crossing of flowers of the 
various clones of the different species without storing pollen for any con- 
siderable length of time, since their flowering periods overlap in Guate- 
mala. Flowering time is from April through August. However, it should be 
noted that pollen has been stored successfully for one year in darkness at 
to° C. at a controlled relative humidity of 35 to 50 per cent (Pfeiffer, 7). 

1944. In August and September a few flowers on several clones of Cin- 
chona were available for study. Six calisaya clones were used as seed parents 
and six as pollen parents. All 25 combinations among the calisaya clones 
produced g2 capsules with 2,954 viable seed. Ten combinations of calisayas 
with ledger hybrids, succirubras, and succirubra hybrids gave 43 capsules 
with 1,686 seed. These first pollinations were made to determine the type of 
technique best adapted to Cinchona breeding. The resulting seedlings are 
not expected to be of any commercial value. 

1945. Self-pollination. By 1945, it was possible to start breeding on a 
larger scale. Experiments were carried out to determine self-fertility of the 
clones. Feenstra-Sluiter (5) states that Rant reported in 1908 high self- 
fertility for one tree of C. Ledgeriana. However, Feenstra-Sluiter himself 
tested two trees and found them completely self-sterile. 

In the present experiments, 482 flowers on 12 clones of long-styled 
ledger, ledger hybrids, and hybrids were self-pollinated, but not one seed 
capsule was obtained. Of the 390 self-pollinations on short-styled clones, 
six capsules were obtained on one clone (Z51) while all other self-pollina- 
tions failed. These capsules were of normal size and contained the average 
number of seeds. Thirty premature pollinations on one long-styled clone 
and 62 on two short-styled clones also failed. 

One hundred and sixty-six flowers on five long-styled calisaya clones 
and 260 flowers on five short-styled clones of this species were also selfed. 
One capsule was obtained on one long-styled clone (N1634). 

Thus it is seen that self-sterility was characteristic of the three species 
studied since a total of 1,752 self-pollinations made on 55 different clones 
yielded only eight capsules. Clones on which these capsules were formed 
(Z51 and N1634) should be retested. 

Cross-pollination. For the most part legitimate pollinations (long- 
styled Xshort-styled and short-styled Xlong-styled) resulted in capsules 
filled with viable seeds while illegitimate pollinations (short-styled X short- 
styled or long-styled Xlong-styled) failed completely in seed production. 
However, one capsule with 13 seeds was obtained from an illegitimate pol- 
lination, while 143 others of the same type failed. 

The capsules and seeds obtained from the 1945 breeding work are 
shown in Table II. Indicated as zeros are those pollinations which gave no 
capsule development. The unusually high percentage of zeros may have 
been due to heavy rains falling shortly after pollinations and washing the 
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TABLE II 
SuMMARY OF RESULTS OF LEGITIMATE POLLINATIONS MADE IN 1945 


Combination Results of pollinations 
ae of No. of capsules a ae 
No. | No. | 2 Vy Nosof -| age seed 
Class* madelfailed| “°"S | zeros | Bro- M of | No. of seed per 
ken | Lost a cap- cap- 
off tured | sules sule 
EXl | AX BA 105 20 | 6,000 |2,669 | 577 | 689 |2,065 | 34.4 |60,312 29 
BXA| 115 | 36 | 7,096 [3,768 | 993 | 732 |1,003 | 22.6 |51,940 32 
1x2 |AXxXB 6 I 235 81 8 4 142 | 60.4 | 4,062 20 
BOCAG rs 7 145 96 20 ° 29 | 20.0 925 32 
TKR AKI | ae 5 209 igi || reese 4 OD |) Be. | AOR 25 
BAG irr 5 257 106 66 27 Foul 220i O44 31 
2X2 |AXB 25 TOM Tan 22/4) Ait || AIS | ieey/ Ae || Dies |) Gp pevaa 30 
BXA]| 25 Seale 7 O2 829 | 133 | 170 HOW || BBO [eS <7/FO 28 
2XKI AXB 4 B 81 31 — 47 B Bayi 100 33 
BXA 4 I 365 | 178 9 | 23 | 155 | 42-5 | 4,865 3I 
2X3 | AXB if 4 253 | 149 | 601 26 RSS| © Yeh: 597 33 
BOCA rt B 289 177 5a 38 23 8.0 368 16 
B><e a KIs r2 A || ae shay 8,777 mg. —_ 
IB SGAN || ae 214) 1,002 4,304 ad = 
BCT || ANC IB = 
Ba 7 3 359 264 mg. | — 
B<2 || AX 18} 4 I 211 goo mg. = 
BXA 4 u 7° 225 mg. — 


* 1, Ledger, ledger hybrids and hybrids; 2, calisaya; 3, succirubra; A, long-styled; B 
short-styled. i 
+ Approximately 3 seeds=1 mg. 


pollen from the stigmas. Also, it is possible that a cinchona plant is limited 
in its seed production. The number of capsules broken off or lost before 
maturity is also recorded. Field breeding is naturally subject to some loss of 
material, but losses in the present tests were unusually high because of 
winds, falling trees, fungal infection of the inflorescences, and vandalism. 
1946. In 1946 three long- and two short-styled ledger clones, one short- 
styled ledger hybrid, one long- and four short-styled hybrids, one long- 
and one short-styled calisaya, one long- and one short-styled succirubra, 
and two long- and one short-styled ‘succirubra hybrids were added to the 
list of clones selected for breeding. Twenty-one clones of various classes 
which were found to be either good seed or pollen parents in 1945 were also 
used in 1946 for mass production of good commercial seeds. 
Two hundred and four combinations among the various classes of 
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Cinchona were made. By March 1, 1947, a total of 34,956 capsules had been 
collected from which 283 grams of seeds were obtained. Approximately 
3,335 capsules were still in the field at this time. 

Seeds and seedlings obtained from breeding experiments. Approximately 
six months after pollinations were made, the first seeds were collected. All 
seeds from the 1944 and 1945 pollinations were planted and 44,810 seed- 
lings obtained. These were distributed to different locations in Guatemala 
and Costa Rica for testing. Many seeds from the 1946 pollinations were 
not yet mature when the author left Guatemala in March 1947. 

A breeding garden established at El Naranjo in 1946, in which out- 
standing clones numbering 23 ledgers, 9 ledger hybrids, 12 hybrids, 5 suc- 
cirubras, and 9 succirubra hybrids are represented, should facilitate future 
breeding work. Also the establishment of five seed gardens at other fincas, 
each garden in an area completely isolated from all other Cinchona plant- 
ings, will make commercial seed production much more effective. 

Further results of the breeding work done in Guatemala from August, 
1944 to January, 1947 will be known only after analyses are made of 
quinine content of the hybrid seedlings and data obtained as to their vigor 
and resistance to disease. Besides the possibility of having produced a 
hybrid which will be superior in performance to any known clone of Cin- 
chona, the work presented in this paper has determined flower behavior 
patterns and self- and cross-fertility in established clones of Cinchona 
which will be of value in future investigations in this field. 


Colchicine Treatment of Seeds and Seedlings 


From seeds soaked for 6, 12, 18, and 96 hours in 0.05, 0.1, 0.2, 0.5, 1.0, 
and 2.0 per cent colchicine solution, a total of 1,662 seedlings survived and 
were planted in seed beds. 

In addition to seed treatment, normal untreated seedlings were re- 
moved from nursery beds and immersed in colchicine solutions. After im- 
mersion of growing tips for 2, 6, 12, 18, 24, 36, 42, and 48 hours in the same 
strength of aqueous colchicine solutions as mentioned above, the seedlings 
were replanted in the nursery position. Of the 1,450 seedlings treated, 
1,135 survived and grew well. Also a total of 300 seedlings were treated by 
dropping emulsions of colchicine (concentrations as above) on all growing 
points at three-day intervals for a total of three treatments. All of these 
seedlings survived. Many treated seedlings as well as seedlings produced 
from treated seeds showed characteristics typical of polyploid plants. 
Dawson (3) has reported the production of polyploid cinchona plants by 
the use of colchicine. 

All colchicine-treated plants will be carried to field position where they 
may be observed during their development. It is possible that polyploid 
plants may have higher alkaloid content than diploids. 
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Variegated Seedlings 


Several green and white variegated seedlings were observed in seed 
beds of succirubra. The writer does not know of any previous record of 
Cinchona seedlings of this type. They were usually found among plants ob- 
tained from seed of succirubra collected from trees of Finca San Pablo. All 
of the 42 variegated seedlings appeared to be sectoral chimeras. They were 
removed from the seed bed and placed in nursery beds for further observa- 
tion. 


SUMMARY 


Results of investigations of flowering habits and fertility of Cinchona 
Ledgeriana, C. Calisaya, and C. succirubra conducted in Guatemala from 
August, 1944 to March, 1947 are described. 

Flowers of Cinchona are heterostylous, i.e. those of any one clone are 
either long- or short-styled. No mixtures of intermediate types were ob- 
served. 

Flower behavior observations were made on a total of 1,097 flowers of 
the three species. Most C. Ledgeriana flowers open at night, between g P.M. 
and midnight. Long-styled flowers of C. Calisaya also open at night, but 
the short-styled clones of this species belong to two types—day opening 
and night opening. 

On the short-styled plant of C. succirubra only 15 of the 100 buds 
tagged opened at all, the remainder of the corollas remained closed and fell 
from the plant in this condition. A few more of the buds on long-styled 
trees opened. Hybridization pollinations showed that the stigmas of the 
succirubra flowers were receptive though the flowers never opened. 

Self-sterility was found to be characteristic of the three species since a 
total of 1,752 pollinations made on 55 different clones yielded only eight 
capsules. 

For the most part, legitimate cross-pollinations, i.e. long-styled X short- 
styled and short-styled Xlong-styled, resulted in capsules filled with viable 
seeds, while illegitimate pollinations, i.e. short-styled Xshort-styled or 
long-styled Xlong-styled, failed in seed production. A summary of the 
1945 breeding results, including the classes and number of combinations, 
the number of failures, matured capsules, etc., is shown in tabular form. 

A total of 44,810 seedlings from the seeds produced from the 1944 and 
1945 hybridization pollinations as well as the seeds obtained in 1946 were 
distributed and planted on various fincas in Guatemala and Costa Rica. 

Young plants from seeds and seedlings treated with colchicine exhib- 
ited characteristics of polyploids. 


Several green and white variegated seedlings were observed in seed 
beds of succirubra. 
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COMPARISON OF A SERIES OF DERIVATIVES OF 
4,5-DIMETHYL-2-MERCAPTOTHIAZOLE FOR 
FUNGICIDAL EFFICACY 


CC. G. SeamrtrT! 
INTRODUCTION 


A series of 4,5-dimethyl thiazoles prepared by Stewart and Mathes 
(11) offered an opportunity to obtain some information relative to the 
influence of chemical structure on fungicidal activity. The study was made 
in the hope that some information might be gained which would point the 
way toward synthesis of better fungicides. The fungicidal action of hetero- 
cyclic sulfur compounds has been investigated by others. Attention was 
probably first focused upon the thiazoles as fungicides by Alvord (1). Of 
this group of compounds, mercaptobenzothiazole has received the most 
attention and is a rather effective general fungicide. It has been used in 
control of kernel smut of sorghum and bunt of wheat; as an eradicant con- 
trol for carnation rust; to prevent mildew on leather and textiles; as a rem- 
edy for ‘‘athlete’s foot’’ and other mycoses and against a number of fungi in 
Sear tests (2, 3,445, 0,6, 9, 12). 

Compounds used were derivatives of two nuclei designated as R and R’ 
where 


R is con apa and R’ is eee 
| | | 
CH;—C C— CH;—C > 
BN ere 
N N 
4,5-Dimethyl-2-thiobenzoylthiazole, RSCOCsH;5 
4,5-Dimethyl(2-thio-n-butyl) thiazole, RS(CH»2)3CHs 
4,5-Dimethyl-2-thioacetonylthiazole, RSCH,COCHs 
o-Nitrophenyl-4,5-dimethylthiazole, RSSCsH.-0-NO» 
Phthaloyl! bis-(4,5-dimethylthiazole-2-sulfide), (RSCO)»-1,2-CeH4 
4,5-Dimethyl-2-thiobenzylthiazole, RSCH.C.Hs 
4,5-Dimethyl-2-(1-thio-4-chlorobutane) thiazole, RS(CH2)iCl 
N-Diamyl-4,5-dimethylthiazole sulfenamide, RSN(C5;Hi)s 
4,5-Dimethyl-2-(thio-2-amino-ethyl) thiazole, RS(CHo)sN He 
Zinc salt of 4,5-dimethyl-2-mercaptothiazole, (RS):Zn 
B-(4,5-Dimethyl-2-thiazolyl)mercaptopropionic acid, RS(CH»2)»>COOH 
Mg salt of 4,5-dimethyl-2-mercaptothiazole, (RS)o.Mg 
1 The B. F. Goodrich Biochemical Laboratory at Boyce Thompson Institute for Plant 
Research, Inc., Yonkers 3, New York. 
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4,5-Dimethyl-2-(8-cyanothioethyl) thiazole, R’(CH2)eCN 
4,5-Dimethyl-2-thiomethylcarbamylIthiazole, RSCH.2CON H, 

Lead salt of 4,5-dimethyl-2-mercaptothiazole, (RS)»Pb 
4,5-Dimethyl-2-mercaptothiazole, RSH 

Copper salt of 4,5-dimethyl-2-mercaptothiazole, (RS)2Cu 
4,5-Dimethyl-2-thio-2,3-thiazoline-3-acetic acid, R‘’CH,COOH 
4,5-Dimethyl-2-thio(2,4-dinitrophenyl) thiazole, RSCsHs3-2,4-(NO2)2 
4,5-Dimethylthiazole-2-sulfonic acid, RSO3H 


PROCEDURE 


The compounds were used at a concentration of 0.001 M in malt extract 
agar to facilitate direct comparison of activity. Compounds soluble in 
acetone were used in that solvent and those which would not form a solu- 
tion in it were ground in a mortar with enough Tween 20 to form a suspen- 
sion in water. Quantities of chemicals used were weighed accurately to 
four places on an analytical balance. All chemicals were added to the Difco 
malt extract agar (final pH 4.6) before sterilization of the medium at 15 
pounds for 20 minutes. An untreated lot of agar was reserved for control 
plates. Fifteen ml. of medium were added to each of the Petri dishes. Fol- 
lowing seeding the medium with fungus mycelium and/or spores grown on 
potato dextrose agar, the plates were incubated at about 21° C. for six 
days. Colony diameters were determined by averaging two measurements 
made at right angles to each other on each of the four replicates. The fungi 
used in the test were Fusarium lycopersici Sacc., Sclerotinia fructicola 
(Wint.) Rehm., Polyporus tulipiferus (Schw.) Overh., Phytophthora cin- 
namomt Rands, and Trichophyton rosaceum Sab. These species were se- 
lected because they are economically important and represent types both 
resistant and susceptible to toxicants. 

In addition to inhibition of fungus mycelium in culture, tests were made 
on prevention of deterioration of cotton fabric. Quadruplicate strips of 
cotton duck were immersed in 1 per cent preparations of the chemicals, 
air-dried, and buried in moist humus at 80° F. for two weeks. Strength of 
the strips following the burial were determined on the Scott tensilometer. 


RESULTS AND DISCUSSION 


Results of agar plate and soil burial tests are shown in Table I. 

The benzoyl, n-butyl, and acetonyl! derivatives were the most effective 
compounds in agar plate tests. It is of interest that two of these effective 
materials possess carbonyl groups. 

Of the fungi used, Fusarium lycopersict and Polyporus tulipiferus 
showed greater tolerance towards this group of compounds than did the 
other three species. Phytophthora cinnamomi and Sclerotinia fructicola 
were intolerant toward most of the compounds tried. 
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The sulfonic acid and 2,4-dinitrophenyl derivatives were the least in- 
hibitory of the series. 
No definite correlation appeared to exist between fungicidal activity 
and either melting point, boiling point, or molecular weight. 


TABLES 


RELATIVE EFFECTIVENESS OF 4,5-DIMETHYL-2-MERCAPTOTHIAZOLE DERIVATIVES AT 
0.001 MOLAR AS INHIBITORS OF 5 SPECIES OF FUNGI AND AS PROTECTANTS 


FOR Corron FABRIC 


R= ern ; R’= ee oa 
CHi-C  —-C— CH:i-C C=S 
MES NA 
N Now 
Tensil- 
ometer 
Colony diameters in mm., average of 4 replications reading on 
cotton 
Derivative eae 
Fusa- | Sclero- | Tricho- | Phyto- Poly- | Av. per | 2 weeks in 
rium tinia phyton | phthora | porus cent moist 
lyco- fructi- rosa- cinna- tuli- inhibi- | humus at 
persict cola ceum moni | piferus tion Ko)” 1 
RSCOC,H; ° 2 co) ° ) 09-3 45 
RS(CH2)3;CH3; 6 ° fo) fo) fe) Nioy fo) 
RSCH,COCH; 4 fo) I fo) 6 Ont 39 
RSSC,Hu-0-NO2 =| ~~ 19 fo) I ° 9 88.2 45 
(RSCO)>s-1,2-CeH, 18 2 3 fo) 8 85.6 42 
RSCH:C,H; 14 ° 2 ° 25 85.0 54 
RS(CH2)4Cl 21 ° 4 ° 23 78.8 19 
RSN(C;Hu)2 20 ° 4 ° 27 78.4 2 
RS(CH2)2N He 19 3 8 3 7; iho 54 
(RS)2Zn (3x ro) 5 6 13 WA 73 
RS(CH2)eCOOH | 16 I 7 fo) 38 73.2 16 
(RS)oMg 38 3 ) IO 16 62.9 64 
R’(CH2)eCN 17 2 II I 46 62.5 fe) 
RSCH2CONH:2 31 7 Y] I 52 58.8 ro) 
(RS)2Pb 14 II 2 42 45 48.3 108 
RSH 35 3 8 ° Ly 50. 2 — 
(RS)2Cu 45 30 13 10 20 48.6 3 
R’CH2COOH 31 II I 27 48 42.5 co) 
RSCsH;-2,4-(NOz)2 34 27 14 ° 52 40.0 ° 
RSO;H 39 42 14 fe) 75 24.0 13 
Check 46 45 15 56 70 0.0 ° 
Check (unburied) —- — — — — _- Tea 
LSD 1% 3.6 | Ds a2 0.8 Ae 7-3 35 35-8 


* Based upon treatment-species interaction. 


The lead salt gave better protection to cotton fabric than did any of the 
others. The Zn and Mg salts were next in order. The Cu salt was ineffective 
here as it was in the agar plate tests. The combination in which copper 
exists is of considerable importance for fungicides in contact with soil. 
Copper-8-hydroxyquinoline is effective. It works in two ways. In addition 
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to the direct toxicity of the copper ions, 8-hydroxyquinoline acts as a 
metal binder which makes required metals unavailable to the fungi (7). 

Copper naphthenate is another effective compound. In addition to the 
action of copper ions, the naphthenic acid part of the molecule displays 
good fungicidal power (10) which may persist for a considerable period 
after the copper has been leached away. The residual action of these thia- 
zoles is not great, nor are they capable of forming covalent metal com- 
plexes. 

The benzyl, benzoyl and acetonyl derivatives, although not so effective 
in fabric proofing as some of the metal salts, gave fair protection to the 
fabrics and may be regarded as the most consistent general fungicides in 
the group. The n-butyl derivative was effective in the agar plate test but 
was ineffective as a fabric preservative. 

A glance at the data in Table I reveals that the activity of a given chem- 
ical is dependent upon the species involved. The parent compound of the 
series completely inhibited Phytophthora cinnamomt, yet was only slightly 
inhibitory toward Fusarium lycopersict. Specificity has important practical 
implications. Adequate laboratory testing against the species upon which 
it is proposed to use a chemical in the field may obviate many of the pit- 
falls encountered in field testing of new fungicides. 

It should be noted that these materials are not so effective as most of 
the commercial fungicides in current use. Many of the proprietary fungi- 
cides are effective at 50 p.p.m. or less. The compounds under consideration 
here were used at concentrations of 200 to 400 p.p.m. and against some 
species a few of the derivatives were worthless at these high dosages. 


SUMMARY 


Of 20 derivatives of 4,5-dimethyl-2-mercaptothiazole tested, the most 
fungitoxic to five representative species of fungi in agar plate tests were 
the benzoyl, n-butyl, and acetony1 derivatives. In soil burial tests, however, 
the lead, zinc, and magnesium salts were superior to the non-metallic de- 
rivatives and to the copper salt. 
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STUDIES ON THE HERBICIDAL PROPERTIES 
AND VOLATILITY OF SOME POLYETHYLENE 
BINDS PORYPROPYLENE GLYCOL ESTERS 
OF e4-D AND 2,435-T? 


LAWRENCE J. KING AND JoHN A. KRAMER, JR. 


INTRODUCTION 


The value of the lower aliphatic esters of 2,4-D and 2,4,5-T in weed 
control is well known. However, these esters are sufficiently volatile to 
produce injury on unsprayed plants from vapor drift so that their use is 
necessarily restricted, in many instances by law. Zimmerman and Hitch- 
cock (16) in their paper disclosing the growth-regulating properties of 
2,4-D described the ethyl ester and its volatile action. The butyl ester, 
however, early received a great deal of investigation and also found wide 
field use. Since vapor from the use of this derivative has resulted in con- 
siderable injury to such sensitive crops as cotton and tomatoes its use has 
been greatly reduced and largely replaced by the amine salts and certain 
other formulations. Injury has ranged from mild leaf modification to se- 
vere stunting and reduction in crop yields. 

Polyethylene glycols, principally Carbowax 1500, have been included 
in many of the early formulations of 2,4-D from their first introduction by 
Zimmerman and Hitchcock (16) to the more detailed studies by Mitchell 
and Hamner (6). McNew and Hoffmann (4) have suggested that in the 
process of heating Carbowax to dissolve 2,4-D some ester formation may 
have taken place. Polyethylene glycol esters of 2,4-D and 2,4,5-T have 
been reported by Jones (2), Allen (1), and McNew and Hoffmann (4). 
Allen alone studied the volatility of these esters. 

The present investigations cover a series of polyethylene glycol (PEG) 
and polypropylene glycol (PPG) monoesters and diesters of 2,4-D and 
2,4,5-I which have low vapor pressures. Experimental evidence is pre- 
sented to show that they perform similarly to other esters in herbicidal 
action without presenting a hazard to near-by plants. Unlike the currently 
used esters, these polyethylene glycol esters will not cause any appreciable 
vapor damage to near-by sensitive plants even if a sprayed and an un- 
sprayed plant are enclosed in the same container (3). 


MATERIALS AND METHODS 


The polyethylene glycols (9, 13) have the general formula HOCH)- 
(CH,OCH2),CH,OH. Those with average molecular weights ranging from 


1 Grateful acknowledgment is given to Dr. A. B. Steele and associates, Union Carbide 
and Carbon Organic Synthesis Fellowship, Mellon Institute, Pittsburgh, Pennsylvania, for 
the preparation of the compounds described. 
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200 to 700 are liquids; those above 1,000 are wax-like solids which have 
been given the registered trade-mark Carbowax. Either monoesters or 
diesters may be prepared depending upon the relative quantities of glycol 
and acid employed in the esterification of 2,4-D. A series of seven 2,4-D 
and 2,4,5-T polyethylene glycol esters and two polypropylene glycol esters 
have been studied (Table I). These samples were not highly purified, but 


TUANIBILAS, SI 


PHYSICAL PROPERTIES OF POLYETHYLENE GLYCOL (PEG) AND POLYPROPYLENE 
GriycoLt (PPG) Esters OF 2,4-D AND 2,4,5-T* 


Specific | Refractive Mae Solidification | Melting Acid 
Chemical gravity, index, eh range, point, equiva- 
25/2070. aC. Ken Wee sy as Oe lent, % 
PEG 150 2,4-D 1323 1.5280 222 —28 to —30 = 62.5 
monoester 
PEG 300 2,4-D 1.269 Tes ms 203 —20 to —22 = 43-9 
monoester 
PEG 300 2,4,5-T 5 ROE Ra uely 485 —18 to —20 = A TANS 
monoester 
PEG 200 2,4-D I.365 1.5440 TROBE 0 to 5 == 65.0 
diester 
PEG 200 2,4,5-T = == == = LAG=VQO bs 
diestet 
PEG 300 2,4,5-T 1.384 I.5440 2,663 20 to 25 == 65.8 
diester 
PEG 400 2,4,5-T 1 KOR 1.5341 1,754 —2 too = BOO 
diester 
PPG 150 2,4,5-T Tee 1.5260 690 o to 3 = 65.0 
monoester 
PPG 425 2,4,5-T 1.266 sO 2,240 © to3 a 56.2 
diester 


* Data supplied by the Organic Synthesis Fellowship, Mellon Institute, Pittsburgh, Pa. 


represent samples very close to those produced in commercial develop- 
ment. Concentrations of all chemicals were on an acid equivalent basis. 

Numerous tests have been devised for studying the volatility of growth- 
regulating chemicals. These include the observations following treatment 
of such hormone responses as curvature of stems and of leaves, and the 
formative effects in leaves of sensitive plants such as tomato (7, 14, 15) 10> 
17), bean (5, 7), and cotton (7, r1), and effects on germination of seeds and 
the growth of seedlings (8). 

The effects on root elongation of seedlings following storage of the dry 
seed in the presence of chemical vapor may not necessarily be a sure test 
for growth regulators, but it is known that such compounds affect ger- 
mination and root growth. Similarly the cucumber root suppression test of 
Ready and Grant (ro) while it, strictly speaking, is not specific for the 
growth-regulating substances, still offers an accurate measure of compar- 
ative differences in toxicity. Herbicidal effectiveness, however, has been 
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obtained by spray tests on tomato plants and by the oil droplet test on 
bean plants (12). 

In the present experiments the volatility of the PEG esters was studied 
by observing the responses of non-treated tomato (Lycopersicon esculentum 
Mill. var. Bonny Best) plants enclosed in large glass chambers (45.8 liters) 
with sprayed plants. Volatility at several temperature ranges was studied 
by observing the germination and root growth of cucumber seeds (Cucumis 
sativus L. var. Davis’ Perfect) after being removed from dry storage in a 
container with the chemical. Formative effects were evaluated by measur- 
ing the modified leaves of cotton (Gossypium hirsutum L. var Deltapine 
14) plants following exposure to the ester vapors. Herbicidal effectiveness 
was determined by comparing the polyethylene glycol esters with the 
butyl ester in the tomato spray test and by the oil droplet test on bean 
(Phaseolus vulgaris L. var. Tendergreen) plants. The comparative toxicity 
of these two groups of chemicals was determined by the cucumber root 
suppression test. Field tests for determining herbicidal effectiveness in- 
cluded spraying of Japanese honeysuckle (Lonicera japonica Thunb.) and 
spray treatments designed to control weeds in plantings of sweet and field 
corn (Zea mays L.) at Seabrook Farms, Bridgeton, New Jersey. 


LABORATORY RESULTS 


In tests designed to detect possible injury from vapor of the polyethyl- 
ene glycol esters, solutions containing 500 p.p.m. were sprayed on tomato 
plants which were placed, together with unsprayed plants, in large glass 
chambers. The butyl esters of 2,4-D and 2,4,5-T were tested in a similar 
manner. Two unsprayed plants placed in a chamber served as controls. 
Plant heights were measured at the time of spraying and again 14 days 
later. The plants were kept in the closed chambers for seven days and 
thereafter in the greenhouse. The results given in Table II demonstrate a 
lack of hazard from vapor of the four polyethylene glycol esters, but severe 
injury leading to death of the plants from the vapor of the butyl esters. In 
another test similar to the one above solutions of the 2,4,5-T monoester, the 
triethanolamine salt of 2,4-D, and the butyl ester of 2,4,5-T at the rate of 3 
Ib. per acre (0.1 mg. per liter of volume of the chamber) were each sprayed 
on potted tomato plants and placed beside an unsprayed one in the large 
glass chamber for a period of 72 hours. Cotton seedlings were also included, 
and after this time interval all of the plants were removed and held in the 
greenhouse. Figure 1 illustrates these plants four days after the beginning 
of the test. No epinasty was observed with the PEG ester or the triethanol- 
amine salt, but strong epinasty occurred with the butyl ester. The cotton 
seedling exposed to the PEG compound and observed three weeks later 
disclosed no formative effects in the new growth. No effects were observed 
in the seedling stored with the triethanolamine salt, but the seedling ex- 


270 CONTRIBUTIONS FROM BoycE THOMPSON INSTITUTE __ [Vot. 16 


posed to the vapors of the butyl ester did not survive. Tomato plants simi- 
larly exposed to the two PPG esters showed no epinasty or plant injury 
thus indicating no hazardous effects from vapor would be expected from 
the use of these two compounds. 

In addition to general toxicity certain other effects such as epinasty and 
structural tnodifications in the new growth may occur which would not 
necessarily be reflected in the height measurements. In the first test above 


TABLE 


EFFECT oF VAPORS FROM TOMATO PLANTS SPRAYED WITH SEVERAL ESTERS OF 2,4-D 
AND 2,4,5-l ON THE GROWTH OF UNSPRAYED PLANTS CONFINED IN THE 
SAME GLASS CHAMBER 


Average height in cm. Injury rating after 
Chemical, sprayed at after 14 days 14 days* 
500 p.p.m. 

Sprayed Unsprayed Sprayed Unsprayed 
Butyl ester of 2,4-D THO Bas E E 
PEG 200 2,4-D diester T. 5 Sag E A 
Control = 10.2 — A 
Butyl ester of 2,4,5-T 1.0 2.0 E E 
PEG 300 2,4,5-T diester 156) 8.5 E A 
PEG 200 2,4,5-T diester 1 8.7 E A 
Control = 8.5 = A 
PEG 300 2,4,5-T monoester 0.5 9.0 E A 
Control == 9.0 — A 
Control == 8.5 — A 


* A=No injury to E=plant killed. 


no epinastic responses were observed in the PEG series, nor were any for- 
mative effects observed in the time the plants were under observation. In 
order to evaluate these formative effects, however, a test has been devised 
to measure quantitatively such effects in the highly sensitive cotton plant. 
Staten (11) has shown in a single leaf droplet test that o.01 ml. of a 1,000 
p.p.m. solution of the ammonium salt of 2,4-D was the minimum dosage 
producing modified foliage; while in spray tests of the entire plant concen- 
trations of 0.0001 to 0.1 p.p.m. did not produce modified growth, but sprays 
of 1 p.p.m. and higher did so. 

In the present tests the effects of vapor alone were studied. Eight cotton 
seedlings about 22 cm. in height were placed together with a six inch dish 
containing the chemical (at the rate of 25 mg. of acid per liter volume of the 
chamber) for a period of 48 hours in the large glass chambers previously 
described. The room temperature averaged 22.1° C. The plants were then 
removed and after 14 days height measurements were taken, and after 21 
days the leaf measurements were taken. At the time of exposure the 
smallest recognizable leaf was marked on each plant, and then at 21 days 
width and length measurements were taken on the second leaf above this 
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marked one. The butyl ester vapors severely injured the plants resulting 
in nearly complete cessation of growth. A few plants developed very small 
modified leaves. The formative effects in cotton leaves from vapors of 
volatile 2,4-D compounds are quite characteristic and usually result in a 
very linear or string-like type of leaf. This response lends itself to quanti- 
tative expression since the blade length and the blade width measurements 


FIGURE 1. Pairs of tomato plants confined in the same chamber for three days after 
the plant on the right was sprayed with the equivalent of 3 lb. of acid per acre (equal to 0.1 
mg. per liter of volume of the chamber). A. Control plants. B. PEG 2,4,5-T monoester. C. 
Triethanolamine salt of 2,4-D. D. Butyl ester of 2,4,5-T. Photographed after four days. 


reflect the extent of the leaf modification. Such data for the above experi- 
ment are presented in Table III. The plants exposed to the PEG 2,4-D 
monoester were not affected in their growth in height, nor were modified 
leaves produced. 

The effects of vapor from several esters upon dry cucumber seeds in 
storage were also determined. A roo-ml. beaker containing 50 cucumber 


seeds was sealed in a quart jar alongside a second beaker containing 1 g. of 
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DABEE SIT 


Hricur anp LEAF MEASUREMENTS OF Corron PLANTS FOLLOWING A 48-HOUR EXPOSURE 
TO THE VAPORS OF PEG 300 2,4-D MONOESTER AND 2,4-D ButyL ESTER 


Av. growth j 
C in height | Av. measurements in 
ae ene of eight cm. of selected leaf 
Chemical mg./ ie Sie plants blade after 21 days* 
; f 
chamber rene 
cm. Width Length 
PEG 300 2,4-D monoester 25 None 3.6 6.6 Gere 
Butyl ester of 2,4-D 25 Extreme 0.8 One Ong 
Control = None 4.1 On” 5.6 


* Selected leaf was the second one appearing after the smallest recognizable leaf marked 
on the day of treatment. 


the chemical. The seeds had been dried in a vacuum oven to a moisture 
content of 5 per cent. Seeds were exposed to each of the ten chemicals for 
seven days at temperatures of 32° F., 70° F., and go° F. They were then 
removed to six-inch Petri dishes containing moist filter papers and ger- 
minated at 70° F. for five days. Measurement of the roots showed (Table 
IV) that the vapors of all of the standard esters of 2,4-D and 2,4,5-T were 


TABLE IV 


CucuMBER Roor GRowTH FOLLOWING A 7-DAy EXPOSURE OF THE Dry SEEDS TO 
VAPORS FROM SEVERAL 2,4-D AND 2,4,5-T COMPOUNDS 


Av. root length in 5 days of 50 seedlings in mm. 
Chemical after storage of seeds at temperatures indicated 
Bo Ie. HO 18 Ome 

PEG 150 2,4-D monoester 21 22 22 
PEG 300 2,4-D monoester 23 25 21 
PEG 300 2,4,5-T monoester 22 2s Ds 
PEG 200 2,4-D diester 24 Dg 24 
PEG 200 2,4,5-T diester 22 25 20 
PEG 300 2,4,5-T diester 24 23 21 
PEG 400 2,4,5-T diester BR QZ 20 
Butyl ester of 2,4-D 18 15 ) 
Butyl ester of 2,4,5-T 18 12 12 
Triethanolamine salt of 2,4-D 20 rt 10 
Control 23 23 22 


injurious at the two higher temperatures, while none of the polyethylene 
glycol esters caused any injury. There is some indication of root suppres- 
sion by the butyl esters even at 32° F. These seedlings were not grown to 
determine whether modification developed in the new growth, therefore 
it cannot be concluded that the suppression from the toxic ingredient in 
the vapor is definitely due to the 2,4-D or 2,4,5-T component. In the case of 
the triethanolamine salt of 2,4-D it should be pointed out that here the 
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suppression may be due to the excess triethanolamine commonly present 
in commercial preparations of this material. This would appear to be the 
logical conclusion since in later tests no formative effects in cotton or 
epinasty in tomato was observed with this material. 

The cucumber root suppression test was also used to compare the ac- 
tivity of polyethylene and polypropylene glycol esters of 2,4-D and 2,4,5-T 
with the butyl esters. The procedure of Ready and Grant (10) was fol- 
lowed except that the var. Davis’ Perfect was used. Tests were replicated 
twice with 25 seeds in each dish and germinated under conditions described 
above. Concentrations of 0.01 to ro p.p.m. were employed. The results 
appear in Table V. On an acid equivalent basis it can be seen that the 


TEA Ie Vi 


COMPARATIVE EFFECTIVENESS OF SEVERAL ESTERS OF 2,4-D AND 2,4,5-T ON 
THE GROWTH OF CUCUMBER Roots 


Av. root length after 5 days of 50 seedlings in cm. at 
Chews various concentrations in p.p.m. 
se) r.0 Onl 0.01 0.0 
Butyl ester of 2,4,5-T 0.6 Teg Thnk) Ded. 
PEG 200 2,4,5-T diester One Tal Dn 200 
298 
Butyl ester of 2,4-D Onn 0.6 LO 1.2 
PEG 200 2,4-D diester a ae 0.6 ny 0.8 
: | 
PEG 300 2,4,5-T diester 0.6 1.0 ithe y-t Tat 
PEG 400 2,4,5-T diester 0.6 Pot Ts C7 
2.4 
PEG 300 2,4,5-T monoester | On5 0.9 Tels 1.8 
Butyl ester of 2,4,5-T 0.5 Ong Te I-77 
PPG 150 2,4,5-T monoester | 0.6 | Law Th 1.8 
PPG 425 2,4,5-T diester OO 1s Tes 1.8 Be 
Butyl ester of 2,4,5-T 0.6 | 1.2 | a6 1.9 


various PEG and PPG esters of 2,4-D and 2,4,5-T compare favorably with 
their respective butyl esters for suppressing the root growth of cucumber 
seedlings. 

For comparisons of herbicidal effectiveness the oil droplet test (12) and 
the tomato spray test were utilized. In the former method o.o1 ml. prepa- 
rations of the butyl ester of 2,4,5-T and PEG 300 2,4,5-T’ monoester and the 
triethanolamine salt were applied on the base of the blade of one of the 
primary leaves. Four plants were treated with each concentration, and the 
fresh weights of the top growth above the primary leaves were obtained 10 
days later (Table VI). Due to the wide range of weights an analysis of the 
logarithmic values was made. It is evident that the PEG ester preparations 
were fully as toxic as the butyl ester. 

In the spray test applications of 1, 10, 100, and 1,000 p.p.m. of some 
PEG and butyl esters of 2,4-D and 2,4,5-1 were made to potted tomato 
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TABLE VI 


EFFECTIVENESS OF SEVERAL DERIVATIVES OF 2,4,5-I AND 2,4-D IN SUPPRESSING THE 
Tor GROWTH OF TENDERGREEN BEANS WHEN APPLIED AS SINGLE DROPLETS 
TO THE PRIMARY LEAVES 


: Concentration, Av. top wt. of four 
Chemical p.p.m. plants in mg. 

PEG 300 2,4,5-T diester 50 676 

500 62* 
PEG 300 2,4,5-I monoester 50 1,768 

500 308* 
Butyl ester of 2,4,5-T 50 723 

500 401 
Triethanolamine salt of 2,4-D 50 tes32 

500 556 
Oil droplet control = DI 35 
Untreated control — 1,982 


* Significantly different from controls. L.S.D. at 5 per cent is 5.5 fold. 


plants. Height measurements and injury ratings at 14 and 21 days are 
given in Table VII. It is evident here, and it was also observed in the test 
on Japanese honeysuckle, that checking of growth and killing occurs some- 
what more slowly with the PEG esters than with the butyl esters. At 21 
days the suppressive and killing action of the PEG derivatives is very close 
to that of the butyl derivatives. 


FIELD RESULTS 


The diesters of 2,4-D and 2,4,5-T with the polyethylene glycol 200 
were tested on Japanese honeysuckle alone and in combination. The ma- 
terials were dissolved in Solvacide and rendered emulsifiable by addition 
of 5 per cent emulsifier NPG Tergitol to provide a concentrate with 4 lb. of 
acid equivalent per gallon. This material was applied at the rate of two 
quarts in too gallons of water per acre to duplicate plots 10 X1o ft. of 
honeysuckle on August 18. Observations made three months later indi- 
cated more effective top kill when the mixtures of the two esters containing 
2 lb. of acid equivalent in 100 gallons of water were used. Where the two 
materials were used separately at the same acid equivalent, perhaps about 
75 per cent kill of tops occurred in the same interval and no appreciable 
difference was noted. 

The relationship of timing of application to the effectiveness of PEG 
200 diester and the triethanolamine salt of 2,4-D was tested ina corn field 
on the Seabrook Farms near Bridgeton, N. J.2 Replicated plots, each con- 


* Acknowledgment is given to Dr. Frank App for making these tests possible. 


1951] Kinc & KRAMER—GLYCOL EsTERS OF 2,4-D & 2,4,5-T 275 


TABLE VII 


EFFECTIVENESS OF SOME POLYETHYLENE GLYCOL AND Buty. EsTERs OF 2,4-D AND 
2,4,5-T IN SUPPRESSING GROWTH OF SPRAYED TOMATO PLANTS 


Growth in cm. after Injury rating* after 
Chemical Somer ae z 

PPO, 14 days 21 days 14 days 21 days 
1,000 ia) nO D 18% 
PEG 300 2,4-D monoester 100 12.4 14.2 Cc D 
10 TOTO Tony € (E 
I 13-9 16.0 B B 
1,000 6.3 6.3 D E 
PEG 300 2,4,5-T monoester 100 II.9 E27 G D 
10 12.5 14.4 Cc Cc 
I 1363 ESO) B B 
1,000 Q.1 Our D E 
PEG 300 2,4,5-T diester 100 Tig 12.8 Cc D 
10 Toit Teel CC E 
I 16.8 Dita) B B 
1,000 ac) AO) E E 
Butyl ester of 2,4-D 100 9-2 Ta gO) Cc D 
10 13.2 Tle S CG Cc 
I eae Al 16.0 B B 
1,000 9-0 g.o E E 
Butyl ester of 2,4,5-T 100 Os THE fs (E D 
IO 12.2 14.6 Cc € 
I ig te 6 B B 
Control _- 23.2 Nie Gs A A 


* A=no injury to E=plant killed. 


sisting of 6 rows 200 feet long, were marked out in the fields of sweet corn 
(var. Golden Cross) and dent corn (U.S. No. 13 hybrid) and sprayed with 
power equipment at the rate of 1 lb. of acid in 4o gal. of water at the time 
of seeding or after four and seven days. In addition, each material was ap- 
plied at the rate of o.5 lb. to plots in the seven-day application. Weed 
counts were made 28 days after planting by counting the number of broad- 
leaved and grass weeds within a 6-inch square over 24 randomized sections 
of each plot. The weeds were principally crab grass (Digitaria spp.), lamb’s 
quarters (Chenopodium sp.) and redroot (Amaranthus sp.). The data given 
in Table VIII show that the PEG 200 diester of 2,4-D was similar to the 
amine salt of 2,4-D in the control of broad-leaved weeds. When the ap- 
plications were made seven days after planting, somewhat better control of 
the grass weeds was obtained with the PEG 200 diester. The control of 
grasses was better when the plots were treated seven days after plantings. 
An application of the amine salt of 2,4-D at the rate of 1 Ib. per acre seven 
days after planting induced the typical onion-leaf effect on corn as also did 
the diester, though to a somewhat lesser degree. 
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TABLE VIII 


EFFECT OF THE TIME OF SPRAY APPLICATIONS WITH THE PEG 200 2,4-D DIESTER 
AND THE TRIETHANOLAMINE SALT OF 2,4-D ON WEED CONTROL IN FIELD AND 
SweEET Corn PLots AT SEABROOK FARMS 


Daye Av. no. of weeds per sq. ft. 
Rate in after . 
Chemical Ib. per | planting Ficldicorn ELL 
acre when 
: B S B - 
applied ever Grass ioe Grass 
2,4-D amine salt saps heD 4.3 Bok 2.5 
PEG 200 2,4-D diester ; ; 4.5 23 DoS DB 
2,4-D amine salt On Ons oD) ak 
PEG 200 2,4-D diester tn® 4 0.0 Ons °.0 0.8 
PEG 200 2,4-D diester 1.0 °.8 °.8 One, a) 
Ons 7 tek new Dsl 3.0 
2,4-D amine salt 1.0 K BS DB 3.8 2.8 
0.5 u 3.2 Da Bes Ba 
Control = = 20.5 9.8 D5, (6) 7.4 
SUMMARY 


A survey of the volatility and the herbicidal action of some polyethyl- 
ene and polypropylene glycol esters of 2,4-D and 2,4,5-T has been pre- 
sented. Esters prepared from polyethylene glycols 150 to 400 and of poly- 
propylene glycols 150 and 425, have been included and the appropriate 
physical characters of these new compounds have been listed. 

The effects of the vapors of certain PEG esters and the butyl esters of 
2,4-D and 2,4,5-T were studied on unsprayed tomato and cotton plants 
enclosed in chambers with plants sprayed with these esters. No marked 
toxicity to the unsprayed plants was observed with the PEG esters, but 
severe epinasty resulting in death occurred with the butyl esters. 

Dry cucumber seeds were not injured by storage with the various PEG 
esters for seven days at 32°, 70°, or go° F. However, the butyl esters of 
2,4-D and 2,4,5-T were appreciably injurious at all three temperatures. 

In the cucumber root suppression tests for comparative toxicity, the 
various PEG and PPG esters of 2,4-D and 2,4,5-T compare favorably with 
the respective butyl esters. 

The oil droplet test of the PEG 300 2,4,5-T monoester and diester, the 
butyl ester of 2,4,5-T, and the triethanolamine salt of 2,4-D on bean plants, 
has indicated the marked toxicity of the former three compounds. The 
amine salt tested in aqueous solution was not markedly toxic when tested 
in this way. 

Spray tests on tomato plants for herbicidal effectiveness employing a 
series of concentrations ranging from 1 to 1,000 p.p.m. have shown the 
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PEG 300 monoesters and diesters of 2,4-D and 2,4,5-T to be very close in 
toxicity to the respective butyl esters. 

Field tests of the PEG 200 diester of 2,4-D and the PEG 300 diester of 
2,4,5-T for control of Japanese honeysuckle were made with sprays applied 
singly and in combination. When used in combination at 2 lb. per acre, 
more effective top kill resulted than with the individual esters. 

In tests for weed control in field and sweet corn the PEG 200 diester of 
2,4-D was compared with the triethanolamine salt of 2,4-D in applica- 
tions at o, 4, and 7 days following planting. Data on the weed population 
28 days later indicated that the diester was similar in performance to the 
amine salt when applied at o and 4 days after planting but when applied 7 
days after planting the diester gave slightly better control. 
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REDUCTION OF VEGETATIVE GROWTH AND 
SEED YIELD IN UMBELLIFEROUS PLANTS 
BYebY GUS OBLINEATUS 


FLORENCE FLEMION AND BEtTTy Travis MACNEAR 


It has long been known that many lots of fresh seed of the commercially 
important species of Umbelliferae have a relatively low germination capac- 
ity. Only recently it has been found that the seed which fail to germinate 
lack viable embryos and that the missing or shriveled embryos are the re- 
sult of infestation with Lygus oblineatus Say (4, 5). The fact that such a 
long time elapsed before the connection between Lygus and low germina- 
tion in the Umbelliferae was noted indicates the relative inconspicuousness 
of the relationship between this insect and the Umbelliferae. It also is of 
interest that Lygus seek out the embryos which comprise such a small and 
obscure portion of the plant exposed to the insects. 

In connection with experiments on the effect of Lygus on embryoless- 
ness some adverse effect on seed yield of dill and parsnip was noted when 
these insects were caged with plants at or near the flowering period (5). 
When Lygus fed on flowers or ovaries the entire fruit was destroyed but 
when feeding occurred at a later stage of development, that is, when the en- 
dosperm was mature but the embryo still immature, embryoless seed re- 
sulted. In regard to other Lygus species it has been reported that L. cam- 
pestris L. can also disastrously reduce carrot seed yield (7). The adverse 
effect of Lygus on seed yield and viability in various species other than the 
Umbelliferae was discussed earlier (5). 

Examination of the literature reveals that Lygus are rather omnivorous 
feeders and damage severely a very wide range of plants (10, p. 12). Re- 
tarded and abnormal growth has been reported for alfalfa (1, 9, 14, 15), 
cotton (13), dahlia (2), guayule (11), etc., while Lygus injury to vegetative 
tissues of umbelliferous species has been reported as damage to parsnip 
plants (2), rusty dead spots and streaks on the leaf stalks of celery (3, 8, 
12), and stunting of carrot due to early damage at the base of the young 
plants by overwintering adults (7). 

It is the purpose of this paper to show the adverse effect on growth, 
destruction of flowers, and reduction in seed yield in dill (A nethum graveo- 
lens L.) and fennel (Foeniculum dulce Mill.) when Lygus are caged with 
these species. 


MATERIALS AND METHODS 


Potted dill and fennel plants grown from seed in the greenhouse were 
transferred, just prior to flowering, to insect-free cages out-of-doors as de- 
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scribed previously (5, p. 301). In order to eliminate any extraneous insects 
present all plants and cages were sprayed (4, 5) at the time of transfer, 
first with tetraethyl pyrophosphate and after a few hours with nicotine. 

Subsequently, houseflies (Musca domestica L.) were kept continuously 
in all of the cages during the flowering period to serve as pollinators (5). 
Lygus, collected locally, were added to some of the cages and at adequate 
supply, approximately 25 insects per cage, was maintained until the seed 
in the control cages had matured. 

The effect on vegetative growth of the plants was recorded and photo- 
graphs were taken at different stages of development. Data were also ob- 
tained on the production and destruction of flowers, umbels, and seed. 


RESULTS 


In the laboratory several small young dill plants about six inches in 
height were each confined under a bell jar at room temperature with four 
or five adult Lygus. Within a few days these plants were in very poor con- 
dition since the terminal growing point and the tips of a number of leaves 
were so injured that they wilted and died back. The insects were removed 
on the sixth or seventh day and subsequently the plants recovered to some 
extent. 

The type of vegetative development obtained when Lygus were added 
at the pre-flowering stage and subsequently maintained thereafter is illus- 
trated in Figure 1. These experiments were conducted out-of-doors in insect- 
free cages. In the case of dill (Fig. 1 A) the photographs were taken when 
the seed in the control cages were maturing, while with fennel (Fig. 1 B) 
the control plants had just begun to flower profusely. A close-up of some 
of the damage appears in Figure 1 D—note swelling along the stem and de- 
struction of the umbel. It is readily seen that considerable damage oc- 
curred when plants were infested with Lygus since the growth was retarded 
and the flowers destroyed (Fig. 1A, right; B, right). Additional information 
regarding feeding injury appears in Table I. 

Data shown in the table on the effect of feeding by Lygus on the de- 
struction of umbels, yield of seed, and embryolessness in the seed produced 
are similar to that previously reported (4, 5). These insects were extremely 
destructive to ovaries and flowers as only a few umbels developed and no 
mature seed was obtained. When Lygus were added at the post-flowering 
stage of development many seeds were produced; however, a considerable 
number, although they appeared normal, were devoid of embryos. Since 
these worthless embryoless seeds cannot be segregated, the seed yield was 
not reduced but the percentage of seed capable of germination was con- 
siderably lowered. When Lygus were present prior to and during the 
flowering period the seed crop was a complete failure. 
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FIGURE 1. Effect of Lygus on growing dill (A) and fennel (B and C) plants. A and B: 
left, control plants; right, plants from cages ¢ ontaining Lygus. C and D: enlargement of out- 


lined areas in B, left and right respectively. (A and B, .o6 natural size.) 
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TABLE | 


DESTRUCTION OF UMBELS, REDUCTION OF SEED YIELD, AND PRODUCTION OF 
EMBRYOLESS SEEDS IN THE UMBELLIFERAE BY LYGUS OBLINEATUS 


Potted plants caged outside Effect on seed production 


Seed per plant Embryolessness, 
Total duced, No 
Species Lygus added* No. No. of pap dass oe Nee % 
umbels | Range Av. Range Av. 
None 7 17 75-354 206 0.0 — 
Dill Before flowering 6 as ° — = = 
After flowering 7 24 0-338 230 6-91 63.0 
Fennel None 12 47 50-1,594 109 o-4 0.2 
Before flowering 6 ° — = — — 


* Lygus subsequently maintained in cages until seed maturity. 
** All seeds empty. 


DISCUSSION 


Lygus feed by piercing and sucking. Besides, the mechanical injury in- 
volved there appears to be a toxic reaction upon the plant cells near the 
puncture. Results of recent experiments with Lygus which had taken in 
radioactive phosphorus (6) indicate that, while feeding, these insects de- 
posit some oral secretion such as saliva or its equivalent and it is believed 
that such injection may account, in part, for the toxic effects on various 
plant tissues. 


SUMMARY 


Feeding of Lygus on dill and fennel plants produced injury to the grow- 
ing tips of the main stem and branches and also caused destruction of 
flower buds and umbels. Thus, this insect in addition to being responsible 
for embryolessness in the Umbelliferae can also adversely affect plant de- 
velopment and seriously reduce seed yield. 
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DEPOSITION: OF P® INTO HOST- TISSUE THROUGH 
THE ORAL SECRETIONS OF LYGUS OBLINEATUS 


FLORENCE FLEMION, RICHARD M. WEED, AND LAWRENCE P. MILLER 


Many species of Umbelliferae such as carrot, dill and fennel are severely 
injured by the feeding of Lygus oblineatus Say. Although plants are dam- 
aged and seed set reduced by feeding on relatively young plants (7), the 
injury to developing embryos is particularly serious (8, 9). The insects not 
only reduce seed yield but as high as 50 per cent or more of a fresh crop of 
apparently well-filled seed are unable to germinate because the embryo 
is lacking although the endosperm appears normal (10). The injury in- 
duced seems to be out of proportion to the extent of feeding, suggesting 
that some toxic material in addition to the withdrawal of cell fluids may be 
responsible, as has been proposed by workers with alfalfa (4, 14, 16, 22), 
bean (3, 20), cotton (6, 17, 19), and other plants (1, 21). 

No evidence has been presented, however, to show that toxic materials 
are injected into the plants during feeding. Studies were undertaken, 
therefore, to determine whether oral secretions are injected into host tis- 
sue. Results reported in this paper have shown, with the aid of radioactive 
phosphorus,’ that there is a transfer of material from insect to host during 
the feeding process. 


MATERIALS AND METHODS 


Source of insects. The Lygus were collected locally and were maintained 
on green bean pods until used. With one exception all tests were carried 
out with adult insects. 

Supplying P*® to the insects. Since Lygus are quite small, average weight 
about 11 milligrams, they would be expected to take in only a small amount 
of food at any one time. Similarly the quantity of material they would be 
likely to inject into host tissue would in turn be very small in relation to 
the food taken in. Further dilution would be involved in that some of the 
P® would become fixed in the body, a considerable amount would be ex- 
creted through the alimentary canal, and the salivary or other secretion 
that the insect might inject would probably contain a relatively low per- 
centage of phosphorus. It is thus apparent that a rather high radioactivity 
must be imparted to the insects in order to expect to be able to determine 
radioactivity in host tissue as a result of feeding. 

In the early attempts to obtain insects with sufficient radioactivity to 
be used in these experiments, small bean (Phaseolus vulgaris L., var. Dwarf 


1 The P® used in these experiments was obtained from the Atomic Energy Commission, 
Oak Ridge, Tenn. 
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Shell Horticultural) plants were grown in sand cultures in beakers with a 
a capacity of 400 ml. to which a nutrient medium containing P® as phos- 
phate was added. Subsequently insects were caged with the plants and 
allowed to feed for several days. Prolonged feeding was impractical because 
of the short life of the insects. In these experiments with the bean plants, 
carried out under conditions unfavorable for the survival of Lygus, during 
August and September in the greenhouse, a total of 408 bugs were caged 
with six plants and 89 were removed alive. The highest radioactivity ob- 
tained for any insect was 13,370 counts per minute and for leaf tissue, upon 
which the insects were feeding, 84,270 counts per minute per square centi- 
meter. As much as one millicurie of P* had been added to an individual 
culture. Preliminary experiments with these insects, in which they were 
allowed to feed on immature dill seed, indicated that a higher degree of 
radioactivity was necessary and that the techniques used in feeding had to 
be improved in order to avoid contamination of the host tissue by radio- 
active excrement. 

Exploratory attempts to introduce the radioactive phosphorus by ex- 
ternal application to and absorption through the dorsal surface exposed 
after clipping the wing tips or by direct injection into the abdomen were 
unsuccessful because of the high mortality following these procedures. 

Very high radioactivity in Lygus was finally obtained by allowing them 
to feed on a 5 per cent solution of sucrose to which the radioactive phos- 
phorus had been added. Conditions under which this feeding was carried 
out are illustrated in Figure r. The sucrose solution was held in a small vial, 
about 20 mm. in diameter and 20 mm. high, and this vial was placed inside 
a glass container which in turn was inside two Lucite boxes as shown in 
Figure 1 B. The glass and Lucite served to confine the radiation so that 
feeding could be observed without exposure to the radiation. Dental plugs 
were placed in the sucrose solution in the vial, the vial covered with a 
plastic screen (lumite mesh 32X32, 0.012 filament) and adhesive tape as 
shown in Figure 1 A. The insects, which do not normally feed on solutions, 
were first allowed to feed on sucrose in such vials without P®, and later 
transferred to vials containing the radioactive phosphorus. The two pieces 
of adhesive tape were placed very close together (closer than shown in 
Fig. 1 A) for the feeding on the radioactive solution so that only the mouth 
parts could penetrate and contamination of the legs of the insect was 
avoided. Up to two millicuries of P®? was added to a vial in order to obtain 
a high level of radioactivity in the insects. 

Subsequent feeding by insects containing P®. Subsequent to feeding on 
the sucrose solution containing the radioactive phosphate the insects were 
maintained for a few days on sucrose solution without phosphorus and on 
bean pods. The reason for a time interval before using the insects for trans- 
fer studies was to allow time for the ingested phosphorus to become dis- 


1951] FLEMION, WEED & MILLER—ORAL SECRETIONS OF LyGus 287 


tributed throughout the body of the insect and thus be a component of 
any secretion transferred and to remove any radioactivity remaining on 
the outside of the mouth parts as a result of mechanical contact with the 
radioactive feeding solution. Furthermore, the insects did not feed readily 


FiGure 1. Techniques used in transfer experiments. A, Top of glass vial with dental 
plugs and covered with adhesive tape for feeding on sucrose solution; B, vial in place for 
feeding on radioactive solution; C, bean pod covered with lumite screen and tape for feeding 
in interval between feeding on radioactive solution and transfer studies; D, radioactive insect 
ready to feed on bean pod covered with adhesive tape through which a small hole has been 


pierced for entrance of mouth parts. (A, C, D, natural size; B, Xo.25) 


on bean after having fed on sugar solutions and they were, therefore, not 
placed on bean pods for the transfer experiments until they had previously 
fed on bean tissue. In some instances the feeding on sucrose was omitted 
but the insects were always allowed to feed on the bean pods before use in 
the experiments. 

Sometimes plastic mesh was used on the bean pods as shown in Figure 
t C to more nearly simulate the sucrose feeding. For the feeding in which 
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the transfer of radioactivity was to be studied the bean pods were covered 
with adhesive tape with only a small circular opening in the tape through 
which the mouth parts could penetrate (Fig. 1 D). The insects were kept 
under observation during the entire period they were confined with bean 
pods taped in this manner. The length of time the insects fed was noted 
and if excrement was deposited it could be detected by the slight yellow or 
pale green color produced. Such excrement was radioactive but the radio- 
activity did not penetrate through the tape since bean tissue directly under 
the tape upon which excrement had been deposited was not radioactive. 
The bean pods were discarded if excrement was noted near the opening 
through the tape. 

The presence of radioactive phosphorus in the bean pods was deter- 
mined by measuring the radioactivity by counting and through radio- 
autographs. For the counting of both bean pods and insects the material 
was placed in stainless steel planchets and counts were corrected for a 
position approximately 18 mm. from a Victoreen mica end-window Geiger- 
Miller tube. The counts represent about 20 per cent of the disintegrations. 


RESULTS 


The results obtained with Lygus to which radioactivity had been im- 
parted by feeding on sucrose solutions containing P® are summarized in 
Table I. The insects are naturally short-lived and also sensitive to han- 
dling so that there was a high mortality in these experiments. Of 122 insects 
fed on the radioactive solutions only 52 were removed alive. Of these, 22 
subsequently fed on bean tissue in the transfer studies. Fourteen of these 
fed once, four twice, two three times, and two five times. All pertinent data 
are summarized in the table. Data on a number of insects have been omit- 
ted, either because they deposited excrement near the feeding puncture or 
they had not taken up sufficient radioactive phosphorus. 

The first column in Table I lists the number of counts given by the in- 
sects when they were transferred to the bean pods for the observed feeding. 
Data on the determination of radioactivity of the host tissue are given in 
the last two columns of the table. The second and third columns show the 
food supplied to the insects and the length of the interval between the end 
of the feeding period on the radioactive solution and the transfer experi- 
ments. Examination of the table shows that many instances were observed 
in which the insects imparted radioactivity to the bean tissue. The highest 
amount of such activity noted was 61 counts per minute; there were ten 
cases in which the difference between the tissue and background was signifi- 
cant with odds greater than roo to r. It will be noted that the amount of 
radioactivity imparted to the tissue is not necessarily greater with the 
longer feeding periods. When the same insect was used over a period of sev- 
eral days the amount of radioactivity of the host tissue was often greater 
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TABLE I 


‘TRANSFER OF RADIOACTIVITY TO BEAN Pops FED UPON BY 
L. OBLINEATUS CONTAINING P*2 


Food supplied before Observed feeding on Counts per minute 
Activity transfer expt., days bean pods above background 
Ss es 5 Days after | Feeding B Required 
i gace Sucrose Bean pods | ingesting time, eee for 
32 minutes ussue€ | significance* 
613,100 3 I 4 40 28 Tete 
4 3 4 
8 50 23 apy 
268,900 a 2 9 240 61 gue 
be) go 5 8 
II 20 42 rae 
5 60 28 Toy 
188 ,000 ° 4 6 25 13 ies 
8 50 I 7 
162,100 ° 5 6 65 I 8 
II4,000 I 6 8 fete) 31 ret 
I I aK 
108 , 400 3 I = = oe r2** 
103,600 5 I 6 5 =33 == 
3 54 13 ee 
70 I 4 
54,000 f| ° 3 4 26 3 2 
20 I 5 
7 39 =~ a 


{+ Taken when insects were placed on bean pods for transfer experiments. Columns 2 
and 3 show how the insects were maintained during the interval between ingestion of P® 
and use in tests. 

+t Nymph when fed P# but adult when transferred to bean; all others adults. 

* At the 5 per cent level except when indicated by ** which represents the number 
required for significance at I per cent. 
on a given day than for an earlier feeding period. This type of result would 
indicate that the radioactivity transferred is the result of oral secretions 
and not merely a mechanical transfer of original radioactive feeding ma- 
terial remaining on the mouth parts. The latter is also improbable in view 
of the fact that radioactivity was transferred as long as 11 days after the 
insects had been removed from the radioactive feeding solution. 

The insects were under continual observation during the feeding peri- 
ods in the transfer experiments and it is not believed that any radioactivity 
was transferred to the bean pods by means of the excrement. In many of 
the tests given in the table there was no deposition of excrement during 
the feeding period. The radioactivity of excrement was much higher than 
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that imparted to the bean pods by the oral secretions. Excrement from the 
insects used in these tests gave 860 to 6,800 counts per minute, or an activity 
about 15 to 100 times that of the highest amount noted in the feeding 
experiments. 

Radioautographs were made from a number of the pods which had been 
found to be radioactive after feeding by Lygus. Pods prepared for exposure 
to the film are illustrated in Figure 2. Immediately below them are positive 
prints of some of the radioautographs. The tape which had been in place 
during the feeding period was of course removed before the exposure. Pods 
which had given counts of 61, 31, and 23 counts per minute above back- 
ground are shown in Figure 2 A, B, and C, respectively. It is seen that the 
radioactivity is centered around a very small area. The pod exposed on the 
right of Figure 2 B had a count of 13 per minute above background. This 
gave a spot on the negative which is not visible on the print. The other ex- 
posures shown are control pods or pods with counts too low to show in the 
radioautographs. 

In the course of these experiments determinations of the radioactivity 
of insects were frequently made at various time intervals after feeding on 
the radioactive phosphate and thus data on the rate of reductions of activ- 
ity are available. It has already been pointed out above that the excrement 
is highly radioactive so that the decrease in radioactivity of the insects 
would result from a combination of the loss due to decay plus that lost 
through the excrement. Data made up by averaging values obtained with 
a considerable number of individual insects are summarized in Table II. 


TABLE II 


REDUCTION OF RADIOACTIVITY WITH TIME IN LyGus WuicH Hap 
INGESTED RADIOACTIVE PHOSPHATE 


; Per cent of radioactivity remaining Cumulative loss not 
Time, days accounted for by decay, 
Dead insects Live insects % (live insects) 
I 03 84 12 
3 86 73 18 
5 87 57 24 
7 72 43 26 
14 56 16 27 
24 21 
36 17 
Dit 5 


It is seen that with dead insects radioactivity was reduced to about one- 
half in 14 days and again another half of the remainder was lost in the next 
14 days. This represents the normal decay of the radioactive phosphorus. 
With live insects the rate of loss was considerably greater. The data in the 
last column show the cumulative loss up to 14 days resulting from losses 
in excrement. It is seen that in the first five days about 24 per cent of the in- 
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bean tissue upon which radioactive Lygus had 


FIGURE 2. Results of exposing film to 


fed. The upper rows of A, B, and C show the bean pod tissue prepared for exposure to the 


film and immediately below positive prints o 
The activity of the tissue exposed, in counts per minute above back- 
1, control; 31, 13; 23, 13, control. (M X0.88) 


btained from the corresponding radioauto- 


graphs are reproduced. 
ground, left to right, beginning at the top was 61, 
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gested radioactivity is lost in this way and that thereafter most of the re- 
duction in radioactivity results from decay. 


DISCUSSION 


That some insects inject materials on feeding has been well known for a 
long time and is especially easy to demonstrate with insects that transmit 
diseases in which part of the life cycle of the causative agent takes place in 
the body of the insect. The outbreak of disease in the host is elegant proof 
of transfer from insect to host. There are also instances in which feeding of 
insects on animals induces a reaction which would seem to be the result of 
injection of an irritant material by the insect. Insects which pierce host 
tissue with their mouth parts in order to withdraw fluids are thought to 
secrete a lubricant to ease the penetration and/or facilitate the feeding 
process (2). 

Injury caused by Lygus has been reported to appear greater than the 
mere withdrawal of fluids would warrant (4, 16, 20, 22) and the injection 
of toxic secretions has been postulated (1, 3, 14, 17, 19, 21). It has been 
noted that the amount of injury is not always directly related to the length 
of feeding (6, 17), which would support the thesis that secretions play a 
role. With the use of radioactive tracers it has been possible to establish 
that there is some transfer of material from insect to host. In these tests, 
also, the amount of material transferred was not necessarily greater with 
longer feeding periods. It may be possible to speculate as to the probable 
amount of such secretions observed in these experiments. If the phosphorus 
content of the oral secretions were known and data were available on the 
proportion of the total phosphorus in these insects to be found in the oral 
secretions present at any one time, it would be possible to estimate fairly 
accurately the quantity of secretions transferred in the feedings studied in 
the present experiments. These data are of course not available and only 
crude approximations are possible. 

Some studies of phosphorus distribution in various species of insects 
and on the content of the salivary glands have been reported. The conclu- 
sions reached have differed considerably with different insects. Irwin, 
Spinks and Arnason (15) have reported that P® accumulates particularly 
heavily in the salivary glands of the larvae of Drosophila. Hahn, Haas, and 
Wilcox (11), working with mosquitoes (Aedes aegypti L.) have dissected 
out the salivary glands of insects which had fed on glucose solutions con- 
taining approximately 30 millicuries of P® and they found the activity of 
the glands to vary from 334 to 14,000 counts per minute. In studies carried 
out by Lindsay and Craig (18) on the distribution of radiophosphorus in 
the wax moth (Galleria melonella L.), mealworm (Tenebrio molitor L.), 
cockroach (Blatella germanica L.) and the firebrat (Thermobia domestica 
Pack), they found little or none in the salivary glands. No information 
seems to be available on the phosphorus content of the saliva itself. 
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In the experiments with Lygus a high level of activity in the whole in- 
sect was necessary before sufficient radioactivity was transferred on feeding 
to be detected. Insects having an activity of 100,000 to 600,000 counts per 
minute imparted a maximum of 30 to 60 counts per minute to tissue fed 
upon, thus representing a dilution factor of only about 3,000 to 10,000. 
This is relatively small considering that the salivary secretions no doubt 
are high in water content and phosphorus probably comprises a relatively 
small proportion of the total solids present. In man 1 ml. of saliva would 
represent only from about 1/8,000,000 to 1/3,000,000 of the total phos- 
phorus content (calculated from data in Hawk, Oser, and Summerson, 13). 

In experiments carried out by Hamilton (12) intake of fluid and subse- 
quent transfer on further feeding was studied in Myzus persicae Sulz. with 
the use of radium (D+E-+F). In these tests, assuming the polonium con- 
tent of the secretion to be the same as that of the feeding solution originally 
used to supply it, the insects transmitted an average of 6.9 per cent of the 
imbibed solution to the leaf. In view of the low penetrating power of the 
alpha particles given off by polonium, corrections could be made for radio- 
activity transmitted from the excrement of the feeding insects to the leaf 
surface. Feeding on the test leaves was carried out immediately following 
the intake of the radioactive solution and this may account, in part at 
least, for the transfer of a much larger percentage of the radioactivity as 
compared with that in the experiments with Lygus. 

Carter (5) studied secretions of the pineapple mealybug (Pseudococcus 
brevipes Ckl.) using radioactive phosphorus. He found considerable radio- 
activity in agar upon which radioactive insects had fed and also demon- 
strated radioactivity in plants after feeding by the insects. No mention is 
made of any provision for excluding radioactive excretions other than the 
oral secretions and it is thus not possible to know whether any of the im- 
parted radioactivity came from sources other than the mouth parts. 

These experiments with Lygus, of course, do not offer any evidence that 
the oral secretions are toxic. By establishing that secretions are actually in- 
volved in the feeding, and that they probably are fairly heavy in compari- 
son to the size of the insects, the results serve as a logical background for 
further tests with these secretions. It may be possible to trap the secretions 
in some medium and to test same for any destructive effect on plant tissue. 


SUMMARY 


Lygus oblineatus were made highly radioactive by allowing them to feed 
on sucrose solutions to which radioactive phosphate had been added. Such 
insects on subsequent feeding on bean pods imparted radioactivity to the 
tissue at the feeding site as shown by counting and by radioautographs. 
These results thus offer strong evidence that these insects on feeding inject 
oral secretions into host tissue. 
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THE ECONOMICS OF USING FUNGICIDES! 
R. H. WELLMAN? 


Fungus diseases of plants cost each man, woman, and child in the 
United States approximately ro dollars per month in spite of the best con- 
trol measures now available. This 13 billion dollar annual loss is stated in 
terms of the consumer, because farmers, as businessmen, must add their 
losses to the selling price of their product if they are to stay in business, 
and this increase is passed along to the consumer. 

Better control of fungi would mean lower food prices for the consumer. 
If no fungicides were available, this crop loss would jump to over four 
billion dollars a year. Without fungicides more than a billion dollars worth 
of such crops as apples, potatoes, grapes, and cherries could not be grown 
at all in the important producing areas east of the Mississippi. Another 
billion dollars would be lost annually in reduced yields on such crops as 
corn, cotton, and wheat. Here seed treatments are used to prevent fungus 
attack to the seeds or young seedlings. In this case, the fungi rarely wipe 
out the crop but do reduce the yield so there is less crop per acre. 

The billion dollars worth of crops that could not have been grown with- 
out fungicides is saved by using chemicals costing 20 million dollars and 
labor and equipment costing 30 million dollars. In other words, for these 
crops each nickel spent in controlling disease makes possible the produc- 
tion of crops valued at one dollar. 

The return from seed treatment fungicides is in general even larger. It 
costs less than three cents per acre to treat corn seed. It has been shown 
that the increased vield per acre is worth as much as four dollars. Here then 
a single penny spent for preventive treatment returns a dollar. An ex- 
treme case is seed treatment of spinach where thirty cents worth of chem- 
ical as a seed treatment has been shown to return about three hundred 
dollars in increased yield. 

General statements on the value of fungicides become meaningless when 
applied to specific crops on a given acre in any one year. Nearly all fungi- 
cides are preventive treatments and hence are a form of insurance. As with 
other forms of insurance, their worth is proven only by averaging all the 
results obtained with them. A certain farmer may, in a certain year, be 
applying them needlessly while another farmer may be getting benefits 
greatly above average. However, since severity of disease cannot be pre- 


1 Invitational paper presented before the American Chemical Society in Philadelphia, 
Pa., on April 12, 1950. 

2 Head, Biological Research Department, Carbide and Carbon Chemicals Company, 
Union Carbide and Carbon Corporation. 
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dicted in advance as it depends on climatic conditions, both farmers must 


use the fungicides. 
The benefits of spraying tomatoes are shown in an unusual form in data 


published by McNew.’ These data are presented in Table I. 


TABLE I 
INCREASED PouNDS OF TOMATOES PER POUND OF COPPER APPLIED 


(After McNew, p. 38) 
Pounds of copper Severity of blight Fruit per acre Increased fruit per 
per acre epidemic, per cent in lb. Ib. of copper 
19.5 40.9 Bue ya K0) 466 
9.8 49.4 30,240 838 
4.9 53-0 ay AT2 Tue 
0.0 7iStod! 22,027 — 


Although the greatest increment in pounds of fruit per pound of copper 
applied occurred with the lowest copper dosage, the greatest yield per acre 
was obtained with the highest amount of copper used. Since the farmer 
has already invested a major portion of cost of production in planting and 
cultivation, he is greatly interested in increasing the yield per acre for 
this brings his unit cost down and his profit up. For the highest yielding 
treatment, the cost of fungicide to the farmer was $7.92 per acre. The in- 
creased yield over the untreated plot was 9,089 Ib. of tomatoes. In 1946, 
these tomatoes would have been worth $32 a ton or $145 for the total in- 
creased yield. In this case, the farmer got back 18 cents worth of tomatoes 
for each penny invested in fungicide. 

Table I shows that there was an increase in tomato yield as the disease 
index went down. With the material used, the blight index was still 40 at 
the highest concentration of fungicide. If a rough linear extrapolation 
is made, it becomes apparent that at a disease index of 30, the yield would 
have been 34,000 Ib. At a disease index of 20, the yield would have been 
37,000 lb. provided other factors for growth did not become limiting. 

Using the copper fungicide and assuming the more probable logarithmic 
relationship between concentration of fungicide and disease control, it 
would take about 45 Ib. of fungicide to bring the disease index to 30. This 
would be 25 lb. more than the highest dosage and would have cost $10.02 
more. But this would have produced an additional 14 tons of tomatoes 
worth $48. It would have taken roo Ib. more fungicide to reduce the dis- 
ease index to 20; this would have cost $25 and produced additional toma- 
toes worth $96. 

The economics of these higher doses seem sound providing yields con- 
tinue to increase as more fungicide is used (of course, the productive capac- 


* NcNew, George L. The use of fungicides during war. X. Economical use of copper in 
tomato spraying. The Canner 96(16): 16, 36-40. March 20, 1943. 
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ity of the soil will provide an upper limit for such increase). The mechanics 
of applying such heavy slurries as would have to be handled and their prob- 
able phytotoxicity, however, make it impractical. Obviously, a more ef- 
fective fungicide that would reduce the disease index to 20 would be eco- 
nomical at a considerably greater price per pound than the copper fungi- 
cide. 

Perhaps the best way to sum up the economics of fungicides to the 
farmer is to say that he is now using fungicides that cost over 34 million 
dollars a year. The large bulk of this sale is in copper and sulfur fungicides 
which together account for some 24 million dollars of sales. However, a 
new and rapidly growing market is in the new fungicides which are esti- 
mated to be enjoying a current volume of over 10 million dollars a year. 
This market was largely non-existent 10 years ago and it should still be 
considered as in its infancy. 

Since 17 billion dollars of fungus damage is still uncontrolled, it would 
seem reasonable that, as fungicides are found that reduce this loss, the 
market for fungicides can grow at the rate of 1/1o to 1/20 of the dollar 
value of the losses they obviate. If this loss can be cut to ? billion dollars, a 
new market should be created for about 50 million dollars worth of fungi- 
cides. Other means of combatting fungi, particularly resistant varieties, 
are being developed. Experience shows that the war against fungi is by no 
means static. A new resistant variety is developed and a new strain of the 
fungus attacks it. The loss from one disease is cut down and that from an- 
other increases. As more knowledge is obtained, new fungi are found to 
cause economically important losses. There are imminent possibilities 
that efficient soil fungicides and chemotherapeutants will be developed. 
From the over-all view, therefore, the estimate of 50 million dollars worth 
of untapped fungicide market would seem conservative. 

Eight million dollars of business in new fungicides is now being done, 
compared to a decade ago. The new fungicides have come on the market 
for the following reasons: 

1. They may allow for greater yield or higher quality through less ad- 
verse action on the crop itself. 

2. They may have some auxiliary action such as holding insects at a 
lower level. 

3. They are more effective. 

Since fungicides are used at different concentrations and may be ap- 
plied at different frequencies, the farmer is principally interested in the 
cost per acre per season and not in the cost per pound of fungicide. Even 
on the basis of cost per acre per season the new fungicides have been more 
expensive than their predecessors. This is possible because of their addi- 
tional advantages as listed above. 

The advantage of what would seem to be only slightly greater effective- 
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ness in disease control becomes apparent on consideration of the economics 
involved. In normal years (there were some exceptions during and imme- 
diately following the war) farming is no more profitable than manu- 
facturing. A profit of 15 per cent before taxes is considered favorable. Most 
of the pre-harvest costs of farm production are fixed even if no crop is 
harvested. Suppose that with old-line fungicides the farmer is able to con- 
trol disease to the extent of 95 per cent and a new fungicide makes possible 
a 99 per cent control. Suppose further that this is directly reflected in in- 
creased yield. He has an additional four per cent yield, but since most of 
his costs are fixed, his profit is increased not by four per cent but by sev- 
eral times this amount. Actually it will be by appproximately the ratio of 
19/15 X100 minus the increased cost of the fungicides and increased har- 
vesting and marketing charges of the additional crop. Thus his cost for the 
new fungicide may well be higher and yet the net effect be considerably 
more profit. 

This discussion has been limited to agricultural fungicides, but similar 
reasoning applies to the field of wood preservatives and industrial preserva- 
tives which together are reducing a potential billion dollar yearly loss. 

During the last decade, research in developing new fungicides has 
greatly increased. This research has borne fruit in the eight million dollar 
market in new fungicides. However, this is the first crop only and the tree 
of fungicidal research is not yet in full bearing, nor will it be until over 50 
million dollars of new markets are developed. 


TESTING TECHNIQUES! 
S. E. A. McCALLan 


It is probable that as many as 50,000 chemicals have been examined 
during the past decade as possible fungicides. Naturally the vast majority 
of these chemicals cannot have been tried under the expensive and time- 
consuming conditions of use, but rather by various screening and testing 
techniques. Largely because of this great interest in the search for new 
fungicides much stimulus has been given to the improvement and develop- 
ment of suitable testing techniques. Some professional organizations, such 
as the American Phytopathological Society, The American Wood-Pre- 
servers’ Association and The American Society for Testing Materials, 
have encouraged the development of standard techniques. 

Since fungicides are applied in many and varied fields such as in agri- 
culture for the spraying of plants, the protection of seeds, and the fumiga- 
tion of soil, in industry for wood and textile preservation, and in medicine, 
the appropriate testing techniques are also necessarily varied. While a 
chemical which shows fungicidal effectiveness for one use may be expected 
to show some degree of effectiveness for another use, the analogy usually 
is not sufficiently close to be of much practical help. In other words either 
because fungicides behave very differently, or because we as yet under- 
stand so little about the nature of fungicidal action or probably both there 
is no universal method of testing effectively for all fungicidal properties. 

The action of most fungicides is protective, that is, they are applied to 
protect the uninfected surface from attack by the fungus. In the case of 
leaves or seeds, a layer of chemical which is toxic to the attacking fungus is 
placed over the surface. With wood preservation the chemical is allowed 
to penetrate a certain distance and with textile or plastic preservation the 
material is commonly permeated with the protective fungicide. In the less 
common case the attempt is made to disinfect the infected part as in 
medical application and soil fumigation and a few cases of plant disease 
control. 

CLASSIFICATION OF METHODS 

All methods of evaluating fungicides embody two general systems: (a) 
fungus and chemical and (b) fungus, chemical, and host. Methods dealing 

1 Invitational paper presented before the American Chemical Society in Philadelphia, 
Pa., on April 12, 1950. 

2 A more detailed account of ‘‘Bioassay of Agricultural Fungicides” may be seen in Agr. 
Chem. 2(9): 31-34, 67; 2(10): 45. 1947, or Boyce Thompson Inst. Prof. Pap. 2(4): 23-33. 
1047- 
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with the fungus and chemical are in general simpler, more rapid, and of 
greater precision. However, the results obtained are perhaps more aca- 
demic than practical. These methods are best suited to preliminary screen- 
ing. On the other hand the methods involving fungus, chemical, and host 
are more complex, and less precise since the conditions are less well con- 
trolled. They are likely to be more time-consuming and expensive. How- 
ever, the results are more specific and more practical since they are more 
closely applicable to actual use. 


FUNGUS-CHEMICAL TECHNIQUES 


In a short introduction, brief mention can be made of only a few of the 
more important and representative techniques. Among the fungus-chem- 
ical techniques there are three main types: first, spores are suspended in 
solutions or suspensions of the chemical, removed at stated intervals and 
placed on a suitable medium where the presence or absence of growth is 
observed. This procedure measures true fungicidal action or killing power 
and is more commonly used in the medical and bacteriological field. In the 
second type the chemical is incorporated in a nutrient medium and fungus 
spores or mycelium added and their growth noted. This method in numer- 
ous modified forms is commonly used for screening purposes in the agricul- 
tural field and in textile and wood preservation. While simple it has the 
marked disadvantage that the nutrient medium may react with the chem- 
ical and interfere with its fungistatic activity. With the third method spore 
suspensions are exposed to the chemical on glass slides and the percentage 
germination recorded. The chemical may be mixed with the spore suspen- 
sion and aliquot drops pipetted on the slides or the chemical may be 
sprayed or settled on the slides by more or less elaborate equipment and 
the spores added later. The method is widely used in the agricultural field 
and has been standardized by the American Phytopathological Society. A 
promising chemical should inhibit the germination of half the spores (the 
EDs50) at a concentration of less than 10 p.p.m. The fungi employed in 
these techniques represent a wide range. In the standardized slide-ger- 
mination method the ones most commonly used are Sclerotinia fructicola 
(Wint.) Rehm, Stemphylium (formerly Macrosporium) sarcinaeforme 
(Cav.) Wilts., and Alternaria oleracea Milbraith. 


FUNGUS-CHEMICAL-HOST TECHNIQUES 


The complex fungus-chemical-host system is intended to simulate more 
or less conditions of use and hence many techniques are employed. Host 
as used here is defined to include inanimate materials, such as wood blocks 
and textiles, as well as animate objects. 

In the agricultural field we are concerned primarily with evaluating 
fungicides which will control foliage, seed-borne, and soil-borne diseases. 
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Various foliage disease methods have been developed which are representa- 
tive of the more important groups such as late blight of tomato, early 
blight of tomato, apple scab, several rust diseases, and powdery mildews. 
The last is really a case of disinfection rather than protection. Commonly, 
potted plants are sprayed in the laboratory with chemicals in a dosage se- 
ries, inoculated with the appropriate fungus, incubated, and eventually re- 
turned to the greenhouse where disease lesions appear, are counted, and are 
expressed as a percentage of the control unsprayed plants. Many effective 
fungicides will give good disease control at a concentration of less than 0.1 
per cent by this method. Weathering techniques to simulate rain and sun- 
light may be introduced but more research is required here. A disadvantage 
of these foliage disease techniques is variability in response. Seed-borne 
disease techniques are limited mostly to the cereal smuts. The infested seed 
is treated with the chemical and planted, but the efficiency of the treatment 
cannot be determined until maturity when the heads of grain are examined 
for smut. An exception is cotton anthracnose which requires only a few 
weeks for results. Screening techniques to evaluate soil fumigants are 
relatively undeveloped. However, techniques for seed protectants from 
soil-borne organisms are simple, direct, and fairly well correlated with field 
results. The seed is treated with the chemical, most commonly in dust form, 
planted in fungus-infested soil, and the percentage emergence recorded. 

In wood preservation methods, the use of impregnated wood blocks is 
favored. Uniform blocks of wood are impregnated with the chemical under 
specified conditions, then placed over actively growing cultures of wood- 
destroying fungi on malt agar. Or, in another procedure, soil is used instead 
of the agar and the fungus is grown on thin feeder strips of wood previously 
inoculated and both a control and impregnated block are inserted in each 
test bottle. At the end of the test which requires several months the blocks 
are examined for loss of weight and extent of decay. Some of the commonly 
used fungi are various species of Fomes, Polyporus, Poria, and Lenzttes. 

The evaluation of fungicides to protect textiles, plastics, electronic equip- 
ment, etc. utilizes three general types of exposure: known organisms on 
synthetic media, ‘‘tropical chambers,” and soil burial. In the first case a 
strip of the chemically impregnated or coated textile or plastic is placed on 
a synthetic medium consisting usually only of mineral salts so that the 
carbon must be furnished by the test object, and inoculated with a single 
or mixed culture. Fungi commonly used for this purpose are species of 
Aspergillus and Penicillium, Chaetomium globosum Kunze and Myrothecium 
verrucaria (Alb. & Schw.) Ditm. ex Fr..(formerly known as Metarrhizium 
glutinosum Pope). Tropical chambers with a luxuriant fungus flora artif- 
cially or naturally introduced may be used for exposing the objects treated 
with fungicides. High temperatures and relative humidities are employed 
in these chambers as in the previous method to give an accelerated or trop- 
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ical-like test. Soil burial tests are the simplest and probably most drastic of 
these methods. Here strips of fungicide-treated textile or plastic are buried 
vertically in a rich top soil. The duration of these various tests is from a 
week to several months, at the end of which time the specimens are exam- 
ined for extent of fungus growth, tensile strength, and loss of other physical 
properties. 

Statistical methods. Considerable impetus and understanding in the de- 
velopment and use of techniques for evaluating fungicides have been given 
by the use of statistical methods. Attention has been focused especially on 
appropriate experimental designs, the errors of technique, the need for 
replications, and the differences required for significance. In some of the 
agricultural techniques in particular, the use of the dosage-response curve 
has aided in making comparisons and in interpreting the nature of fungi- 
cidal action. The data when plotted on logarithmic probability paper will 
usually but not always givea straight line response. The dose or concentra- 
tion of chemical required to give a 50 per cent response or 95 per cent re- 
sponse, for example, 95 per cent of the spores inhibited from germination 
or 95 per cent reduction of disease lesions, is called respectively the ED50 
or the EDos. 


CONCLUSION 


At the present time there is much room for improvement in the meth- 
ods for evaluating fungicides especially toward better correlation with 
field results. It is not uncommon to find a chemical with high fungicidal 
value, but it is difficult to find one that also has no deleterious effect upon 
the host, or upon humans, is stable, withstands weathering, is economical, 
and is better than the available fungicides. For every 1,000 chemicals 
screened as fungicides probably less than one would be expected to be a 
successful practical fungicide. It is to be hoped that as our testing tech- 
niques are improved and our understanding of the nature of fungicidal ac- 
tions develops, our efficiency in finding new fungicides will increase. 


DERIVATIVES OF DITHIOCARBAMIC 
SCID AS FUNGICIDES 


W. H. TIspaLE AND A. L. FLENNER? 


The ravages of fungi and other pests have been recognized, and the use 
of chemicals as pesticides has been known at least three thousand years. 
Progress, however, in the development of fungicides was slow and rela- 
tively insignificant until the past few decades. As our supply of virgin land 
was gradually exhausted and agriculture became more intensified (and 
transportation facilities expanded) conditions for the spread of fungi were 
increasingly more favorable, and their ravages increased. We now measure 
our annual losses in this country due to fungi in the billion dollar category 
in spite of the control measures used. In recent years as a result of the im- 
pact of this situation on modern scientific thought, special attention has 
been given through well organized research programs, to the chemical as 
well as the biological and other phases of fungus control. The earlier re- 
search was directed chiefly toward the exploratory phases of the causes of 
the diseases, of molds and decay, and of the effects of the parasite on the 
host. The development of research techniques was given special attention. 
Such control measures as were suggested were often very inadequate. 

Through the cooperative efforts of the state and federal experimental 
stations, other public and endowed institutions, and the chemical industry, 
much has been learned in recent years about the important needs for and 
usefulness of fungicides. Many of the weak and strong points of the com- 
monly used older fungicides such as copper, sulfur, mercury, formalde- 
hyde, and phenolic compounds have been learned. In addition, new and 
more effective products have been developed to meet some of the impor- 
tant specific needs. The aim has been not to find just another fungicide but 
to find better fungicides to replace unsatisfactory products, or products 
that fill previously unfilled needs. More effective formulations of the old 
established fungicides often supply the answer. Hopes of finding an all- 
purpose fungicide seem to have given way, to a considerable extent, to the 
necessity of developing suitable products for specific needs. 

In search for better pesticides, Tisdale and Williams (21) in 1931 dis- 
covered the fungicidal properties of some of the derivatives of dithiocar- 
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bamic acid, N—C—S—H. Through the research in the rubber proc- 
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essing field where members of this class are used as vulcanization acceler- 
ators, many of them were available for evaluation as fungicides and other 
pesticides. Other derivatives were synthesized for trial. In addition to their 
fungicidal action, some of these compounds were found to be effective as 
bactericides, contact insecticides, insect repellents, and miticides. 
The alkyl derivatives, especially the methyl and ethyl thiuram 
R R 


sulfides, eee , and the metal dithiocarbamates, 
| Ire sees 
S S R 
R S 
Sel 


N—C—S—M, were outstanding in fungicidal effectiveness. 


A 
R 


A summary of the early investigations by the du Pont Company and 
by the Universities of Delaware (9) and Wisconsin (12), and by Harrington 
of the U. S. Department of Agriculture (11), was given by Tisdale and 
Flenner (21) in 1942. 

This group of dithiocarbamic acid derivatives has now been investi- 
gated in several fields of pest control. The extensive work in the fungicidal 
field has resulted in the established usage of a number of thiuramsulfide 
and metal dithiocarbamate derivatives as fungicides. A new series of ef- 
fective derivatives, the ethylene bisdithiocarbamates, was uncovered by 
Dimond, Heuberger, and Horsfall in 1941 (6). Disodium ethylene bisdi- 

Lote 


thiocarbamate, H—C—-N—C—S—Na, and the corresponding zinc salt 


i -O NC 5. Na 
hs 
have high fungicidal efficiency. 

The extensive research on the dithiocarbamic acid compounds has 
resulted in the development of what is now considered by many plant 
pathologists and growers to be the most versatile and effective group of 
organic fungicides. This discovery in the fungicidal field may be compared 
with the discovery of DDT in the insecticidal field. It preceded DDT by 
several years but came in the midst of a severe depression when the inter- 
est in fungicides and other such products was at a low ebb, while DDT ap- 
peared at a most opportune time. While the du Pont Company was pur- 
suing the laboratory and field work on these products as pesticides, many 
other investigators were also working with them. In England, Moore, 
Montgomery and Shaw (18), Montgomery and Moore (17), and Marsh 
(15) investigated the thiuramsulfides as fungicides and found the disul- 
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fides to be more effective than the monosulfides in the laboratory and field. 

One of the most extensive of the earlier investigations was that of Golds- 
worthy, Green and Smith (7) of the U. S. Department of Agriculture. Re- 
sults of experiments to determine the fungicidal and phytocidal properties 
of some metal dialkyldithiocarbamates, including the sodium, ferric, lead, 
zinc, copper, silver, and mercury dimethyl, diethyl, and dibutyldithiocar- 
bamates, were reported by them. According to this report, the dimethy] de- 
rivatives appeared to possess the greatest fungicidal value while the 
dibutyl derivatives possessed the least. The iron, lead, and zinc dimethyl 
derivatives appeared to offer the greatest promise, since these caused the 
least plant injury. Hamilton and Palmiter (10) were among the first investi- 
gators to report the successful use of ferric dimethyldithiocarbamate as a 
plant spray fungicide. They found this product to be highly effective for 
the control of apple rust (Gymnosporangium juniperae-virginianae Schw.). 
It also showed promise for the control of apple scab (Venturia inaequalis 
[Cke.] Wint.) and cherry leaf spot (Coccomyces hiemalis Higgins). In 1943 
Dimond, Heuberger and Horsfall (6) reported on the fungicidal value of 
the ethylene bisdithiocarbamates which they found to be more effective 
against some species of fungi than the dimethy] series. 

Literature on this subject is extensive (1, 2, 5, 14). Only those reports 
pertinent to this discussion are listed. 

Common names have been assigned to the active compounds contained 
in the commercial products developed from this class of compounds by the 
American Phytopathological Society in cooperation with the U.S.D.A. 
Interdepartmental Committee on Pest Control (20). These are: thiram 
(tetramethylthiuramdisulfide); ferbam (ferric dimethyldithiocarbamate) ; 
ziram (zinc dimethyldithiocarbamate); nabam (disodium ethylene bisdi- 
thiocarbamate) ; zineb (zinc ethylene bisdithiocarbamate). 

Some of these products have promising potential uses outside of the 
agricultural field. Ziram is being used for the treatment of fabrics and other 
commercial items for mold control. Tetramethylthiuram monosulfide and 
the corresponding ethyl derivative have proved effective for the control of 
certain fungus and mite infections of the skin of humans and domestic 
animals (8, 13). However, as is true with sulfur and some of its compounds, 
tetramethylthiuram monosulfide, tetramethylthiuramdisulfide, and some 
other members of this class cause dermatitis and irritation of the nose and 
throat of some humans. Tetraethylthiuram monosulfide, which, in investi- 
gations in the United States and England, caused practically no irritation 
of any kind (8, 13), is in limited commercial use for the control of scabies 
and fungus infections of the skin. Some of the dithiocarbamates are also 
known to cause irritation of the skin and mucous membranes of nose and 
throat. With reasonable care such irritation can be avoided. 

The specific action of these compounds as fungicides makes it necessary 
to manufacture a number of products to meet the important needs where 
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a single product would be much preferred if a suitable one could be found, 
However, the advantages of these specifics in the way of more effective 
disease control and of their safety to plants, and of the resulting higher 
yields of disease-free crops, amply justify their production and use. 

Some of these compounds repel insects, especially beetles such as the 
Mexican bean beetle, Japanese beetle, and grain weevils. Thiram, ferbam, 
and ziram repel animals such as rats, rabbits, and deer when applied to 
their food plants or products. These are sometimes valuable adjuncts to 
their functions as fungicides. 


THIURAM SULFIDES 


Thiram has found its most effective use as a seed and soil disinfectant. 
It prevents seed decay and damping off of seedlings and is safe to the seed 
of most varieties even when used in overdoses. It has practically replaced 
the more hazardous organic mercury compounds as the leading corn seed 
treatment. 

Thiram has also fulfilled a long-felt need for a good peanut seed protect- 
ant. It now appears to offer considerable promise as a soil treatment, ap- 
plied at the rate of 3 to 4 lb. per acre, for the control of root rot (A pha- 
nomyces spp.) of sugar beets, a very important disease in the West. When 
applied to onion seeds as a coating with an adhesive it protects the plants 
against soil-inhabiting smut (Uvocystts cepulae Frost) infections. It also 
has promise for the treatment of certain vegetable seeds, rice, and sor- 
ghums. It has an added advantage of protecting seeds against some species 
of insects in storage. 

For the control of brown patch (Rhizoctonia solani Kihn) of turf 
grasses, thiram is the leading treatment. Its fungicidal efficiency com- 
bined with a high degree of safety to the grasses makes it especially attrac- 
tive for this use. For the control of dollar spot and snow mold of turfs, other 
products including some of the mercurials and a cadmium containing inor- 
ganic complex are more effective. 


DITHIOCARBAMATES 


Members of the dimethyl and ethylene bis series have proved to be 
outstanding spray and dust treatments. Ferbam is especially useful in fruit 
disease control (10, 21). It has no equal for the control of apple rust (Gym- 
nosporangium juniperae-virginianae) and quince rust (Gymnosporangium 
clavipes C. & P.). Under many conditions it is a superior product for the 
control of apple scab, especially on the fruit. It is somewhat less effective 
on the foliage. In some severely infested areas it may be used only ina part 
of the spray schedule, or in combination with sulfur for best results for 
scab control. Pear scab (Venturia pyrina Aderhold) is very effectively con- 
trolled with ferbam, and it does not cause the russeting of fruit often 
caused by other fungicides in the Northwest. 
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Ferbam has an advantage in that it can be used with oil-lead arsenate 
and oil-nicotine combinations where sulfur cannot be used. It does not 
cause russeting of fruit of sensitive varieties. 

Ferbam is considered a superior product for the control of brown rot 
(Sclerotinia fructicola [Wint.] Rehm.) and leaf spot of sweet cherries, and 
it is safer to both foliage and fruit than the copper fungicides. It is effective 
for the control of brown rot of peaches, but is not considered superior to 
sulfur under most conditions of use for this purpose. 

In the eastern states where black rot (Guignardia bidwellii [Ellis] V. & 
R.) and downy mildew (Plasmopora viticola [B. & C.] Berl & Dot.) of 
grapes are very important diseases, ferbam has proved effective for the 
control of black rot, and for downy mildew, except in severe cases where 
copper fungicides have been more reliable. Ferbam does not cause stunting 
of the grapevines, which copper may cause under adverse climatic condi- 
tions. Ferbam is the preferred treatment for several important diseases of 
small fruits. It has provided excellent control of the diseases of some of the 
bush fruits, especially for the fruit rots of cranberry. In some localities 
ferbam is still preferred for the control of certain vegetable crop diseases 
such as celery blights and downy mildew (Peronospora spinaciae Laub.) of 
spinach, although zineb is superior for the control of these diseases under 
most conditions. Tobacco blue mold (Peronospora hyoscyami de By.) and 
black spot (Diplocarpon rosae |Fr.] Wolf F. A.) of roses are two other im- 
portant diseases that are effectively controlled with ferbam. 

Ziram has found its greatest uses in the field of vegetable crop disease 
control. Outstanding uses are the control of tomato anthracnose and the 
early blight of tomato and potato. It has been ineffective against late 
blight of these two crops. It is effective for the control of such cucurbit dis- 
eases as anthracnose (Colletotrichum lagenarium [Pass.] Ell. & Hals.) and 
downy mildew (Pseudoperonospora cubensis [B. & C.] Rostowzew). It is 
superior to the copper fungicides for the control of anthracnose and equal 
to them for downy mildew of cucurbits. Less plant injury is caused, and 
better yields are obtained with ziram than with the copper fungicides. It 
also is effective for the control of downy mildew of spinach, anthracnose 
(Colletotrichum lindemuthianum [Sacc. & Magn.] Bri. & Cav.) and rust of 
snap beans and lima beans. 

Ziram is about the equal of sulfur for controlling brown rot of peaches. 
It also offers promise for the control of scab and leaf curl (Taphrina de- 
formans |Berk.] Tul.) of peaches. Ziram can be used safely on plants except 
the zinc-sensitive species. It has proved nutritionally beneficial to plants 
grown in zinc-deficient soils. A special formulation of ziram is useful for 
the control of mildew of fabrics and other cellulosic materials under warm, 
humid conditions. 

Zineb and nabam are members of the ethylene bis series of dithiocar- 
bamates. Zineb is the zinc salt and nabam the corresponding sodium salt. 
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The latter is generally mixed in the spray tank with zinc sulfate or zinc 
sulfate and lime. If zinc sulfate alone is used, reaction takes place readily 
in the tank to precipitate zinc ethylene bisdithiocarbamate. The addition 
of lime to the zinc sulfate-nabam system results in the precipitation of zinc 
hydroxide leaving the dithiocarbamic acid salt in solution. When a thin 
film of this mixture is sprayed on the foliage, zineb is formed by the action 
of CO, from the air. Any unreacted sodium salt would tend to have a more 
rapid fungicidal action if present. The sodium salt, however, is less stable, 
highly water soluble, and more phytocidal than the zinc salt, and, conse- 
quently, less desirable for use on plants. It is now believed that there is no 
advantage in using lime in the mixture. Sufficient zinc sulfate is added to 
complete the reaction, and the end result is essentially the same as if zineb 
were applied. 

The outstanding use of zineb and the nabam-zinc sulfate combination 
is for the control of late blight (Phytophthora infestans [Mont.] de By.) of 
potatoes and tomatoes. It also controls early blight (Alternaria solani [EIl. 
& G. Martin] L. R. Jones & Grout) and other leaf infections of these crops. 
Where both early and late blights occur in epidemic form, zineb is the out- 
standing treatment. The early and late blights of celery also are controlled 
with these fungicides. Other diseases effectively controlled with zineb and 
nabam are downy mildew and white rust of spinach, snapdragon rust, 
petal blight of azalea and camellia, anthracnose and rust of beans, onion 
purple blotch, and certain diseases of gladiolus. 

Although ethylene bis compounds are replacing other fungicides to a 
considerable extent for the control of vegetable crop diseases, they are 
relatively new in the field of fungicides, and it remains to be seen as to how 
extensive they may be used eventually. 


MECHANISM OF FUNGICIDAL ACTION 


If the mechanism of fungicidal actions of chemicals were known, we 
would, no doubt, be in a better position to select effective classes of com- 
pounds for trial. So far, work on this subject is principally in the theory 
stage. Theories are valuable in that they present definite challenges to the 
investigator. Several theories have been advanced to explain the fungicidal 
action of the derivatives of dithiocarbamic acid. None of these, however, 
adequately explains the wide range of fungicidal effectiveness or specific 
differences in activity of different members of this class of compounds. 

Goldsworthy, Green and Smith (7) state that, “...the fungicidal 


action does not clearly indicate that the _N—C—S— group per se is re- 
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sponsible for the fungicidal properties, since all compounds possessing this 
group are not fungicidal.’ They also state that there is some indication 
that, in the case of derivatives of dithiocarbamic acid, fungicidal activity 
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may be correlated with water solubility but that a few contradictory re- 
sults more or less invalidate this theory, pointing out that some entirely 
water-soluble compounds differ in their activity. Barrett and Horsfall (3) 
postulate that the dithiocarbamates may interrupt some biological activity 
of the fungus by: (a) spontaneously liberating HS which reacts with the 
protein of the spores, and (b) inactivating the trace elements which the 
fungus needs in its metabolism. Parker-Rhodes (19) says, ‘‘... it is in- 
ferred that: (a) dithiocarbamates are decomposed by the spores to a greater 
or lesser degree into amines and carbon disulfide, both being toxic; (b) the 
amines can be absorbed only in a combined form which may be the dithio- 
carbamate itself but is more probably a derivative, possibly an ester; (c) 
thiuram sulfides act through being decomposed to dithiocarbamates.” 

Miller and Elson (16) state, ‘In connection with the relation of struc- 
ture to activity the data obtained indicate that with each type of deriva- 
tive—dithiocarbamate, thiuram monosulfide, and thiuram disulfide—the 
lower members, i.e., the methyl and ethyl compounds, are the most active 
and the higher alkyl derivatives are relatively inactive. Thus, as a general 
rule, in all the three series activity against both bacteria and fungi de- 
creases with the increasing size of the N-substituted groups. This finding 
is in agreement with the observations of Davies and Sexton (4) in their 
study of the activity of a number of these compounds against plant patho- 
gens.’ Miller and Elson mention water solubility as a possible determining 
factor. With regard to mechanism, they state, ‘Although little can be con- 
cluded regarding the role of specific parts of the molecule in determining 
activity beyond that given above, it is interesting to note that all the 
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compounds showing significant antibacterial activity contain the —C—-S— 
group, but the miscellaneous derivatives of thiourea studied which contain 
S 
| 


the —C— group are relatively inactive.” 

The difference in effectiveness of the active compounds on different 
organisms must be considered. This is especially true in the case of fungi. 
Miller and Elson state, ‘‘Thus, whereas both tetramethyl mono- and disul- 
fide were comparable in activity against the dermatophytes Trichophyton 
gypseum and Epidermophyton floccosum; against Sporotrichum schenckit 
and Candida albicans the disulfide was highly active, but the monosulfide 
was relatively low in activity. Such differences in activity in these closely 
related compounds would indicate that they exert their inhibitory effects, 
at least against some organisms, by different mechanisms.”’ 

There is not yet sufficient evidence to justify firm conclusions concern- 
ing the mechanism of fungicidal and bactericidal action of the derivatives 
of dithiocarbamic acid. A review of the results obtained with a large num- 
ber of compounds shows that certain factors are essential for fungicidal 
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activity. All the known active members of the class possess some degree of 
water solubility, although this is very slight in case of some of the most 
active compounds such as tetramethylthiuramdisulfide and ferric dimethyl- 
dithiocarbamate. 

Some of the more highly water-soluble compounds are less effective 
than these. All entirely water-soluble products are not equally effective. 
Active, highly water-soluble products, such as sodium dimethyldithio- 
carbamate, may act more readily as a result of the solubility. We have no 
conclusive proof that water solubility is necessary for fungicidal action. 
Such relatively insoluble compounds as those mentioned above and other 
chemicals, e.g., mercurous chloride and copper carbonate which are highly 
insoluble, are valuable fungicides. It is theorized that these compounds 
may be brought into solution by the excretions of the fungi. 

Other factors such as structure and stability, no doubt, play a part in 
fungicidal action. In water solution or possibly in solution in the excretions 
of the fungi, the compounds may become ionized to form the dithiocar- 
bamate ion —N—C—S—. This ion may penetrate the cell wall of the 


| 

S 
spore and then interrupt the biological activity of the fungus by liberating 
CS2, H2S, or by other means. The compounds as such may penetrate the 
fungus and react with the cell contents, or, it may decompose after pene- 
tration, and the decomposition products such as H2S may function as the 
active agents. Structural differences may influence such factors as solubil- 
ity and stability and thereby influence penetration, decomposition and 
degree of activity. The methyl derivatives are more effective than the ethyl 
which in turn are more effective than the propyl or butyl derivatives. These 
differences in activity are possibly due to the fact that the lower members 
of the series are the least stable. They may penetrate the tissues of the 
fungus more readily and react with the cell constituents, or they may de- 
compose more readily to release by-products which are active. 

Different species or even different strains of fungi may respond differ- 
ently to the same compound regardless of the degree of its solubility or the 
degree of stability. The constituents of the fungus may be such as to in- 
fluence penetration or reactions with the chemical to produce lethal action 
once it has penetrated. 

It is difficult to visualize any simple theory that may prove valid in 
explaining the mechanisms of the fungicidal actions of these compounds. 
The available evidence indicates that the fungicidal action of the dithiocar- 
bamic acid derivatives is inherent in the dithiocarbamate ion, —N—C—S—. 


S. 
The mechanism or mechanisms of action of products containing this group- 
ing have not as yet been clearly defined. 
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PUNGITOXICITY OF HETEROCYCLIC 
NITROGEN COMPOUNDS! 


James G. HorsFaLt AND SAUL RIcH?% 


Beginning with certain pyrrole derivatives in early 1938, we have been 
interested sporadically in the fungitoxicity of heterocyclic nitrogen com- 
pounds. During the intervening time, some 165 compounds have been in- 
vestigated, some thoroughly, some partially. The data have been gathered 
for this paper. 

Only a few compounds have been synthesized especially for the study. 
In general, we have depended upon compounds purchased from Eastman 
Kodak Company, or obtained from various industrial research laborato- 
ries. 

The compounds have reasonable purity, but since melting point deter- 
minations were not made, we cannot vouch for purity. 


OBJECTIVES 


Data will be presented on the relation of structure and activity of het- 
erocyclic nitrogen compounds to fungitoxicity. The data so far obtained 
suggest that most unsubstituted heterocyclic nitrogen compounds are not 
active on spores. Certain types of substituents, however, make them active. 
Pyridine, for example, has no significant effect on spores. If, however, a 
styryl group is attached in the 2-position (2-stilbazole), the compound be- 
comes very active. From various experiments, we submit that this is re- 
lated to availability (10) factors. Pyridine presumably does not penetrate 
the spore. If, however, a lipophilic group is added to the pyridine molecule, 
it can permeate the spore and kill it. 

Of course, the polar groups such as —OH,—SH,—COOH, and others 
add fungitoxicity to heterocycles as they do to other nuclei. 


TECHNIQUE 


In all cases we have used the spore germination method of assaying 
potency of the test compounds (10). The other common method of assay- 
ing chemicals by mixing the compound with the food on which the fungus 
is to be grown, was not used because the test chemical may react with the 
food as well as with the fungus. In the spore germination test, one has a 
reasonably pure system of fungus and chemical. 

Two test fungi were used: Sclerotinia fructicola (Wint.) Rehm and Ma- 


1 Invitational paper presented before the American Chemical Society in Philadelphia, 
Pa., on April 12, 1950. 

2 The Connecticut Agricultural Experiment Station, New Haven 4, Connecticut. 

3 The authors extend their thanks to Mrs. Elinor Moquet for excellent technical assist- 
ance. 
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crosporium (lately called Stemphylium) sarcinaeforme Cav. The former pro- 
duces the brown rot disease of ripe peaches and plums; the latter produces 
an inconspicuous leaf spot on red clover. A brief description of the assay 
technique follows. All compounds are dissolved in a suitable solvent and 
0.2 ml. is pipetted with a graduated syringe to the cylindrical depression 
in a so-called culture slide made of glass. This depression is 14 millimeters 
in diameter and 2.5 millimeters deep. It holds 0.4 milliliter. The solvent is 
allowed to evaporate. Then the depression is filled level full with 0.4 ml. 
of standard spore suspension containing 50,000 spores per ml. of redis- 
tilled water. If the depression is level full, the spore drop presents no optical 
difficulties when the spores are counted. 

The spores are incubated overnight at 25° C., and examined next morn- 
ing with a binocular microscope. The percentage of spores not germinating 
is recorded. The one or two per cent of natural mortality is usually disre- 
garded. 

In the initial screening of compounds, the dosages are in steps of 10- 
fold. The compound is dissolved in the solvent at ro, 1, 0.1 and o.or grams 
per liter. When placed in the depression, this gives 1300, 130, 13, and 1.3 
ug. per cm.” of surface after drying. Since the dose ratio is to, this test 
gives only a rough distinction between the sheep and the goats among the 
compounds. We will, however, make much use of the data from the test. 
In general we shall refer to the toxicity as plus or minus. Plus means that 
more than 50 per cent of the spores failed to germinate at 1 gram per liter 
or 130 wg./cm.”; minus, of course, means that fewer than 50 per cent failed 
to germinate. The symbol + means that practically all spores failed to 
germinate at 10 g./l. or 1300 wg./cm.”? and practically none failed at 1 
g./l. or 130 wg./cm®. M and S will be used to indicate the test fungi, VM. 
sarcinaeforme and S. fructicola, respectively. 

Interesting compounds receive further tests. The dose ratio for the later 
tests is 2 or even 1/2. This spaces the doses close enough together to give 
more precise data. Treatment is otherwise the same. Sometimes this second 
test is made by spraying suspensions or solutions from an isopropyl alco- 
hol/water mixture onto glass microscope slides coated with cellulose nitrate 
(10). From data thus obtained, we can plot dosage-response curves (10). 

If the data on dosage and response are plotted on a logarithmic-prob- 
ability grid, a straight line usually results. Such a line has two qualities 
that are useful in bioassay of chemicals—position and slope (10). Position 
is usually recorded as EDs50, that is, the effective dosage in micrograms 
(ug.) per square centimeter of surface that is required to inhibit 50 per 
cent of the spores. Some workers record position as the dose for least re- 
sponse or dose for maximum response. This is an older but much less pre- 
cise method of expression. The EDs50 term can be determined more accu- 
rately as witness any modern discussion of the mathematics of bioassay. 

EDs50 is a measure of potency—How good is the compound? This is 
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the classical measure of toxicity, but it is inadequate, because it gives no 
hint of mechanism. Slope gives an indication of mechanism of action. 
Slope indicates whether two compounds are killing the organism by the 
same or by different mechanisms. Suppose a new toxicant is synthesized. 
If its dosage-response curve shows the same slope as another analog, it 
is probably acting by the same mechanism. If the slope is different, one 
can assume that a different mechanism is being affected. 

Slope is calculated as the change in probit mortality with unit change 
in log dose. Hence, the larger the number, the steeper the slope. Slope may 
be expressed by the well-known function of Ay/Ax. Slope can be derived 
easily from the dosage-response curve as plotted on log-probit paper. The 
formula as suggested by Gaddum (8) is: 


I 


log ED84 — log EDs50 . 


slope = 


In presenting a paper of this type, one is always confronted with the 
question of whether the treated spores are dead or merely inhibited. To 
some extent this is academic because the answer depends upon what is 
used to resuscitate the spores. Leaching 8-quinolinol-treated spores with 
water will cause them to revive, for example. A metal-treated spore, 
leached with a sulfhydryl compound, will recover. In practice, recovery 
cannot occur as long as the spore remains in contact with the toxicant. To 
avoid conflict of terminology, we shall use fungitoxic rather than fungicidal 
or fungistatic. Oster and Golden (22), recognizing the problem, use anti- 
fungal. 

EXPERIMENTAL 

The numerical data for all compounds are given in Tables I and II. 
The compounds are arranged alphabetically. The results will be discussed 
in terms of the activity of the unsubstituted heterocyclic compounds and of 
the effect of various substituents on their activity. This method of presen- 
tation seems preferable to that of discussing each heterocycle in turn, to- 
gether with its substituents. 

An effort has been made to present structural formulas for all critical 
compounds. In many cases the whole formula is given or reference is made 
to the nucleus from which it could be easily constructed by anyone inter- 
ested. 

FUNGITOXICITY OF UNSUBSTITUTED HETEROCYCLES 


Perhaps the most striking feature of the data is that so few of the un- 
substituted heterocyclic nitrogen compounds display activity. It is well to 
note that we do not say that they are not fungitoxic, merely that they do 
not display activity. As will turn out below, this is more than semantics. 
Groups, such as hydrocarbons, that are not toxic in themselves may im- 
part activity to a heterocycle. 
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Per cent inhibition at various dosages in ug./cm.? 


Macrosporium sarcinaeforme Sclerotinia fruclicola 
mpound : 5 ; 
one Depression slides Sprayed slides Depression slides Sprayed slides 
1300 130 13 1.3 | EDso Slope |1300 130 13 1.3 | EDso Slope 
1-Acetyl-2-thiohydantoin TOON OO mee 3 100)— 98 2 ° 
Acridan 100)=— 46 2 ° >50 10G fo} 3 ° >5¢ 
Acridine Ico 100 97 5 9.6 4.2 10c I00 100 38 3-3 4.6 
Acridone Ico I1¢G 35 ° 28 8.8 TCO FOO! 5ST I 33 Hts 
Actidione Ico I00 ICO 50 1.0 9-4 100 I00 I00 100 
2-Amino-4-(p- diphenyly)) thiazole ° 5 fo) ° fo) 5 ° ° 
1-(2-Aminoethyl)-2-heptadecyi-2- 
imidazoline 0.3 6.6 
2-Aminonaphtho[2.1]thiazole iSO) 650 c ° rco ° © fe) 
4-Amino-2-phenyl-1, 5-dimethyl- 
spytscelone 15 4 2 c ar 3 2 2 
-Amino-2-phenyl-2-9-triazolo[d]- 
pyrimidin-7-ol TL tO) 16 6 ° ° ° c 
3-Aminophthalhydrazide ° © ° ° ° ° fo} ° 
2-Aminothiazole Icc 50 ° ° rIcc CG ° ° 
6-Aminouracil 7 ° I ° 2 ©) S ° 
2-Amyl-2-imidazoline I0o 80550 ° ° 5.2 9-4 1008550 ° ° 
1-(p-tert-Amylpheny])-3,5- 
dimethyl-4-nitrosopyrazole 0.4 I¢.¢ 0.2 7-9 
2-(n-Amyl) pyridine c ° ° ° ° fo) ° fo) 
4-(n-Amy]l) pyridine 20 ° ° ° 10c c ° ° 
N-[8-(4-Antipyrylamino)- 
crotonyljaniline ° ° ° ° ° ° ° ° 
o-Benzoic sulfimide Ico 100 10Cc 5 2.8 raf 100.0 37 6 c 
o-Benzoic sulfimide (sodium salt) ° () ° c fo) ° ° ° 
1o-Benzoyl-3,7-bis(dimethyl- 
amino) phenothiazine _ 8 S 3 <= 6 5 
1-(2-Butylaminoethy]) -2-hendecyl- 
2-imidazoline I00 100 100 5 Ic¢ 100 100 100 
Carbazole ° ° ° ° ° ° ° ° 
2-Chloro-x-nitrobenzothiazole 10.8 202 
8-Chloro-5-nitroquinoline 100: 100. .50 ° 100 ICO 50 ° 
7-Chloro-2, 2, 4-trimethyl- 1, 2- 
dihydroquinoline 2 5 4 ° IOCO ICO 41 6 24.5 °.90 
1-(2-Cyanoethyl)-L-pyroglutamic 
acid I00 I00 100 6 100 I00 5 ° 
cis- Decahydroquinoline Ioo) | 885 ° ° I0O 100 ° ° 
2,6-Diamino-5-nitroso-4-pyrimidol =) 23) 32 17 — ° ig ° 
2,6-Diamino-4-pyrimidol sulfate 100. “100 "63 TT — 23 51 6 
5,6-Dihydro-6-imino-5-isonitroso- 
uracil 25 5 3 I ° ° ° ° 
1,4-Dihydro-1-methyl-4- 
quinolinethione tone 0 2 3 Sh. (2h 56 2 
9,9-Dimethylacridan 2 3 7 2 >50 I00 100 99 4 Bint 6.6 
5-(p-Dimethylaminobenzylidene)- 
rhodanine 100 100 16.3 Que 
3,5-Dimethyl-4-nitrosopyrazole 1620-0. 2552 9.6 7.4 
,5-Dimethylpyrrole 100 050 
4,5- ‘Dimethyl- 2-thiazolethiol 100 = 50 ° ° 25 I0oo roc ° ° a! 
a,a’-Dipyridyl 100 7 ° ° Ico)=— 8 ° ° 
2,6-Distyrylpyridine 35 ° ° ° ° ° ° © 
7-Ethoxy- -3-hydroxyphenothiazine ° ° ° ° 166. “435.5 27 5 
3-(p-Ethoxyphenylamino) - 
phenothiazine I0o 6100 7 2 TOON LOO; aC 4 
2-Hendecyl-2-oxazoline Ico I00 I00 46 ¥OO I00 31 c 
2-(12-Heneicoseny])-1-(2-hydroxy- 
ethy])-2-imidazoline I00 I0C 100 c I0O0 100 Ico.) 8656 
2-(8-Heptadecenyl)-1-(2-hydroxy- 
ethyl)-(4 or 5)-methyl-2- 
imidazoline I0O I00 100 56 100 I0C 100 100 
2-Heptadecyl-2-imidazoline 0.3 3.7 
1-(2-Hydroxyethyl)-2-heptadecy]- 
2-imidazoline I.2 I.4 
I-(2- ee ee) een ance 
anyl-2-imidazoline 100 ° ° 
1-(2-Hydroxyethyl)-2-tridecyl- : i a i i Ms 
2-imidazoline O.1 10 
3-Hydrexyphenothiazine SAueers B I 9 I I 5) 
2-Imidazolidinethione 25 4 2 c 39 5 4 3 
Indole 100 58 47 43 Ioo 87 3 I 
7-Iodo-8-quinolinol-s-su!fonic acid 100 #0 7.0 ° 
Tsoquinoline 100 5 5 I 100 ° ° ° 
3,4-Lutidine ° c ° ° 2.6 ° c ° ° 
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TABLE I—Continued 
Per cent inhibition at various dosages in ug./cm.2 
Macros porium sarcinaeforme 
Compound 
Depression slides Sprayed slides 
I300 130 13 1.3 | EDso Slope |1300 
2-Mercaptobenzothiazole roc Sr4e 46 
2-Mercaptobenzothiazole, zinc salt 8.0 4.8 
Methylene blue 100 Peg 0.4 
1-Methyl-3-hydroxyphenothiazine | 100 =r 5 8 100 
2-Methyl-2-imidazoline 100) = 50 ° | 40).5 8.8 100 
3-Methyl-5-phenyl-4-nitroso- 
pyrazole Oat | Lies, 
5-Methyl-2-phenyl-3-pyrazolone 15 7 3 I rco 
2-Methyl-4-quinazolinol 50 43 7 I 5 
8-Methylquinoline 83 5 2 3 100 
Morpholine-4-carboxylic acid, 
ethyl ester 5¢ ° ° ° 50 
Neutral red, hydrochloride I00 Ca 2.5 
Nicotinic acid Iec 100 7 4 18 
Nicotinic acid, amy] ester Ico) | 63 ° fe) 100 
Nicotinic acid, butyl ester I0oo) 013 c ° roc 
Nicotinic acid, cyclohexyl ester Loo 53 6 4 I0o 
Nicotinic acid, decyl ester 4 4 ° fo) 23 
Nicotinic acid, ethyl ester fo) fo} c ° ° 
Nicotinic acid, hexy] ester vie LO 9 e 10° 
Nicotinic acid, octyl ester 12 7 I ° roc 
“Orthocide 406” or “SR 406” Ico I00 100 48 3.6 7.4 Ico 
Phenanthr[4.3]oxazole ° @ ° Co) 2 
Phenazine 36 = s«18 8 ° roo 
Phenazine oxide 86 89623 3 I roo 
Phenothiazine 2 2 ° ° 40 
Phenothiazine-5-oxide ° ° ° ° 26 
Phenothiazone 10.4 Ze 
3-Phenylaminophenothiazine BO.) 46 36° 25 I00 
1-Phenyl-3,5-dimethyl-4-amino- 
pyrazole XCG:. “37% “52 4 100 
1-Phenyl-3,5-dimethyl-4-nitroso- 
pyrazole Io¢ 100 I00 Ico 0.23 11.5 100 
1-Pheny]-3, 5-dimethyl-4-phenyl- 
azopyrazole ° 3 5 i ° 
2-Phenyl-1,5-dimethylpyrazolone 32 8 2 Be 9 
Phthalimide ICO 94 ve fe) Ico 
Picrolonic acid ¥OG TOO’ "ic c b tere) 
Piperidine c fe) ° ° 18 
3-(2-Piperidino-1-hydroxypropyl)- 
phenanthrene hydrochloride FOO 100 75 c rca 
3-(3-Piperidino-1-0xo-propy])- 
phenanthrene hydrochloride IGG 100 07 24 100 
L-Proline 2 2 c ° ° 
2-Propyl-2-imidazoline roc ° c o |Ca ge roo 
Pyridine I I 3 a 2 
Pyrrole 100 Ico ° ° 100 
p-(1-Pyrryl) benzenesulfonamide 6 ° ° ° ° 
Quinaldine 100) 8552 fo) ° Ico 
Quinidine hydrochloride 100 O.£, 54.0 
Quinine bisulfate 100 5.6 7.4 
Quinine citrate 100 763 oe 
Quinolin-2-amic acid Ico Ico 100 2 07 
Quinolinamide ° ° fo) ° ° 
Quinoline 100 ° ° ° 100 
Quinolinic acid 100) 559 5 I 100 
Quinolinic acid, dimethy] ester 38 4 ° ° fo) 
Quinolinimide I0o)—«O0 5 fo) roo 
2-Quinolinol TOO 5%. 37 °16 ; 100 
8-Quinolinol 100 Double maximum 
8-Quinolinol, calcium salt 100 O.30 3.8 
8-Quinolinol, magnesium salt 10c ae 2.6 
8-Quinolinol sulfate 100 12.0 Fish 
8-Quinolinol-5-sulfonic acid 100 4-7 5.7 
8-Quinolinol-5-sulfonic acid, zinc 
salt 100 Double maximum 
2-Stilbazole 82 o4 77 I 100 
Succinimide roo =6dII 54 ° 
Sulfapyridine, sodium salt 12 I ° fo] 72 
Sulfathiazole 30 24 0 20 10 
3-[3-(1,2,3,4-Tetrahydroisoqui- 
nolino)- 1-hydroxy-n-propy]]- 
phenanthrene hydrochloride I0oo 100 100 6 Ico 
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TABLE I—Continued 


Per cent inhibition at various dosages in wg./cm.2 


Macros porium sarcinaeforme Sclerotinia fructicola 
eee Depression slides | Sprayed slides Depression slides Sprayed slides 
130c 130 13 1.3 | EDso Slope |1300 130 13 1.3 | EDso Slope 

3-[(1,2,3,4-Tetrahydroisoqui- 

nolino) methy]j-4-hydroxy- 

1,2,3,4-tetrahydrophenanthrene 

hydrochloride Ico «100 28 2 100 6100 fo) 5 
2-[3-(1,2,3,4-Letrahydroisoqui- 

nolino)-1-0xo-propyl]- 

phenanthrene hydrochloride TOO. LOO. ICO 25 Ico 100 oC 24 
1,2,3,4-Lletrahydroquinoline 10c ro) ° ° Feo. “BO: ° ° 
2,3,4,5-l etrakis(4-pyridyl) thio- 

ene ° ° ° ° 50 4 a 4 

Thiobarbituric acid Ico I00 100 3 423 15.2 tcc} 6.84 4 2 
Thionine 100 ICO 100 ° 4.2 8.3 TOO) 100/60 b pa] 8.3 
Thionol fee 503 5 4 pte a 3 ° 
2,5,6-Triamino-4-pyrimidol mono- 

sulfate monohydrate 72 4 ° ° ° ° ° ° 
N-(Trichloromethylthio)-1,2,3,6- 

tetrahydrophthalimide (“Ortho- 

cide 406’’) 10oc I00 I00 48 Bol) yen! 100 ICO._I0c 100 Pye Se) 
2-Tridecyl-2-imidazoline IGO 100 100 50 ont 9.7 too IeO 100 50 
1,3,5-Lrimethyl-4-nitrosopyrazole 2.3 10.0 o.1 7.0 
2,4,6-Trimethylpyridine 50 ° ° c ° ° ° ° 
2,3,5-Lriphenyl-2H-tetrazolium 

chloride I0O 100 ICO 50 I0G. IGO Too ° 
N,N-1-Tris(2-cyanoethyl)-L- 

histidine 5 ° ° ° I I 2 I 
I,2,3-Tris(4-pyridyl) propane ° ° ° ° TCone a3 2 5 
2-Undecyl-2-imidazoline I0c 100 100 ° 0.3 Bra I0o Ico 100 fe} 


* The suspension of chemical was so dense that germination was uncertain. 


The following heterocycles have consistently shown no inhibition or, 
at best, weak inhibition of spore germination of Macrosporium and Sclero- 
tania: pyridine, piperidine, hexamethylenetetramine, quinoline, isoquino- 
line, acridan, phenothiazine, carbazole, and benzothiazole. Presumably 
oxazoline and isoxazole heterocycles also are non-active, since methyl or 
ethyl derivatives are non-active. Although it is not strictly an unsubsti- 
tuted heterocycle, phenothiazine-5-oxide may be reported here as non- 
fungitoxic. The structures of these non-active compounds appear in Figure 
1. It is interesting that pyridine acts as a fairly powerful animal poison, 
still is so inactive on these fungus cells. Thiazole is probably another in- 
active nucleus. Seven derivatives were tried; only 2-mercaptobenzothia- 
zole, 2-chloro-x-nitrobenzothiazole, and 4,5-dimethyl-2-thiazolethiol were 
reasonably active. These, of course, bear substituents that are fungitoxic 
on many nuclei. 

Only five unsubstituted nitrogen heterocycles showed activity. These 
are pyrrole, indole, hydroquinoline (three levels of saturation), phenazine, 
and acridine. The structures of these compounds appear in Figure 2. Straib 
(27) reports that acridine is toxic to spores of various rusts. 

In comparing the active with the inactive heterocycles, one is struck 
by the fact that activity is associated with the presence of a hydrogen at- 
tached to the nitrogen. Perhaps the most significant comparison is that 
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between quinoline and the various hydroquinolines. Ordinary quinoline 
is not active. Hydroquinolines, which have hydrogen on the nitrogen, are 
active. 

It is worthy of note just here that three tetrahydroisoquinolino-phen- 


TABLE II 


EFFECT OF HETEROCYCLIC NITROGEN COMPOUNDS ON SPORE INHIBITION USING 130 yG. OF 
RESIDUE PER SQUARE CENTIMETER OF SURFACE AS THE TEST CONCENTRATION 


Macros porium Sclerotinia 


Compound . 
P sarcinaeforme* fructicola* 


Acridine orange + at 
Acridine yellow, hydrochloride a + 
2-Aminopyridine — = 
Benzothiazole = — 
1,2-Bis(2,5-dimethyl-1-pyrryl)ethane — _ 
2-Chlorobenzothiazole — = 
8-Chloro-4-chloromethyl-2-quinolinol _ - 
8-Chloro-4-methyl-2-quinolinol — — 
4-Chloromethyl-2-quinolinol — — 
Cinchonidine hydrochloride = 
Cinchonine hydrochloride = 
Cinchonine salicylate — 
5,7-Dibromo-8-quinolinol, zinc salt _ 
2,2’-Dithiobis(benzothiazole) — 
Hexamethylenetetramine - — 
2,6-Lutidine — _ 
2-Methylpyridine = 
3-Methylpyridine 
4-Methyl-2-quinolinol 
6-Nitroquinoline 

8-Nitroquinoline 

N-(1-Oxolauryl) phenothiazine 
Pyridoxine hydrochloride 

Quinine bisalicylosalicylate 

Quinine hydrochloride 

Quinine salicylate 

Quinine sulfate 

8-Quinolinol, aluminum salt 
8-Quinolinol benzoate 

Titan yellow 

3,4,5- Triethylisoxazole 
2,2,4-Trimethyl-1, 2-dihydroquinoline 
2,4,4-1 Trimethyl-2-oxazoline _ 


I+t+++ 14141 | 
ariel | 


|++++++ | 


| 
ise 


* 1 is total inhibition; + is partial inhibition; — is no inhibition 


anthrene compounds are also quite fungitoxic to both organisms where 
isoquinoline itself is not active. These three tetrahydroisoquinoline com- 
pounds are not listed in Figure 2, because they are not strictly unsubsti- 
tuted. They, unlike the other hydroquinolines, have no —NH groups, but 
they do have carbonyl and hydroxyl groups. The phenanthrene moiety 
probably enhances the toxicity. 

Of course, it is true that hydroquinoline has more hydrogen in the ring 
than quinoline, but we doubt that this accounts for the activity. 


Benzothiazole 2,4,4-Trimethyl- 2- oxazoline 34,5-Triethylis oxazole 
H 
| 
N N N 
es ve 
SS H.C bn oH, HpC — 
AN, 
CH, CH, 
N N H.C CH 
SEE St eas 2 ae 2 
He He 
Pyridine Hexamethylenetetramine Piperidine 


_——< — 


GE a 


Quinoline ¢ Isoquinoline 
| | 
Cc 
Ho Wy 
Acridan Carbazole 

i Phenothiazine 

Se | 
i 
0 ) 


Phenothiazine 5-oxide Phenazine oxide 


FrGure 1. Unsubstituted heterocycles that are inactive. 
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The simplest method perhaps to test the significance of the —NH— group 
is to substitute it. We have two such compounds, both pyrrole derivatives, 
1,2-bis(2,5-dimethyl-1-pyrryl)ethane and p-(1-pyrryl)benzenesulfonamide 
(see Fig. 3). Neither was toxic. Hence, substitution of the hydrogen on the 


Ht i Ht 
N N 
ye 


Ze 
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Pyrrole Indole |,2-Dihydro-2,2,4- 
trimethylquinoline 


Y He 4 
oe ee Ze ; NS 
| i. "] H CHo 
= CH, HoG H Ho 
r LA ENS . Pa 
Ho He He 
|,2,3,4- Tetrahydroquinoline c/s- Decahydroquinoline 
N 


SS —— 


yA igo 


N 
Acridine Phenazine 


FIGURE 2. Unsubstituted heterocycles that are active. 


nitrogen quenches the activity of pyrrole. These data suggest that hydro- 
gen on the nitrogen is a more important toxophore than hydrogen in the 
ring. 

5-Methyl-2-phenyl-3-pyrazolone, M—, S+, (Fig. 9) offers some confir- 
mation of this. Nitrogen in the 1-position in this compound has a hydrogen 
attached; it shows some toxicity to Sclerotinia. If the nitrogen is substi- 
tuted with methyl, even this toxicity is quenched (2-phenyl-1,5-dimethyl- 
pyrazolone, M—, S—). 
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There are only two exceptions to the generalization about the hydrogen 
on the nitrogen: piperidine and the condensed 3-ring compounds. None is 
toxic despite having a hydrogen attached to the nitrogen. 

The seven compounds with three condensed rings (Fig. 1 and 2) are 
intensely interesting. In all of them the nitrogen occurs in the center one of 
the three rings. The nitrogen in four of them, carbazole, acridan, pheno- 


N N 
H3C ) CH; | Tl “| i 


|,2-Bis(2,5-dimethyl-|-pyrryl) ethane 


2,5-Dimethylpyrrole 


SO2NHe 


le 


/A-(t-Pyrryl)sulfonamide 


FIGURE 3. N-substituted heterocycles. 


thiazine, and phenothiazine-5-oxide, has an attached hydrogen, but the 
compound is inactive in spite of that. The nitrogen in acridine, phenazine, 
and phenazine oxide has no attached hydrogen, but the compounds are 
active. Something else must be involved in the condensed 3-ring com- 
pounds. 

A more important structural difference between the inactive and the 
active type appears in the double bonds in the center ring. The double 
bonds are free to wander in the inactive compounds but they are fixed in 
an o-quinoid position for the active compounds (10). 


EFFECT OF HYDROPHILIC SUBSTITUENTS 


The classic substituents that confer fungitoxicity on organic molecules 
are reactive ones that tend to confer water solubility on them. This fact is 
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so obvious that it hardly warrants the space to say it. Water is an ubiqui- 
tous constituent of biological systems. It follows naturally from this that 
biological reactions must depend upon an aqueous medium. The fact that 
hydrophobic substituents may appear to confer toxicity is sometimes neg- 
lected. That action will be discussed in due course. The action of the 
hydrophilic substituents will be considered first. 


EFFECT OF ACIDIC GROUPS 


The two test organisms are well adapted to distinguish the action of 
acidic groups from other constituents of the molecule. Using cultures, 
Young and Bennett (31) have shown Macrosporium is an acidophobe; and 
as Cooley has shown (6) Sclerotinia is an acidophile. This is presumably 
due to the fact that Macrosporium lives in nature on the clover plant, 
which itself is an acidophobe; Sclerotinia attacks the acid fruit of peach, 
plum, or cherry. 

On this basis, we think that it is fairly safe to conclude that if an acidic 
compound is more active against Macrosporium than against Sclerotinia, 
the action is probably due to the acidity. If other toxophores are also pres- 
ent, the compound may be toxic to Sclerotinia as well. 

We have tested seven heterocyclic nitrogen compounds, containing 
sulfo or carboxylic groups. These are L-proline, M—, S—; N,N-1-tris(2- 
cyanoethyl)-L-histidine, M—,S—; 1-(2-cyanoethyl)-L-pyroglutamic acid, 
M-+,S+; 8-quinolinol-5-sulfonic acid, M+,S—; quinolinic acid, M+, 
S—; quinolin-2-amic acid, M+,S— (all in Fig. 4). The seventh is 7-iodo- 
8-quinolinol-5-sulfonic acid, M@+,S—. The results confirm the data for 
other nuclei with similar substituents. Only one is active on Sclerotinia. 
Five of the seven are active on Macrosporium. The two that are inactive on 
Macrosporium are amino acids or amino acid derivatives. In amino acids, 
of course, the acidic tendency of the carboxyl group is balanced by the basic 
tendency of the amino group. The pH therefore is not lowered to a level 
that is toxic to Macros porium. 

Later we shall be discussing the esters of a carboxyl derivative of pyri- 
dine, nicotinic acid. 

A common property of many nitrogen compounds is to form salts with 
acids. Twenty-one of our heterocycles are so constructed (Table III and 
Fig. 5). Of these, nine are in the quinine group. As might be expected from 
the preceding discussion of acidic groups, all but two are toxic to Macro- 
sporium. All but five are toxic to Sclerotinia, however, presumably because 
they contain other groups that are toxic to this organism. One, cinchoni- 
dine hydrochloride, is toxic to neither organism. These salts, except for 
effects on pH, would not be expected to behave differently from the parent 
compounds. 
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EFFECT OF HYDROXYL GROUPS 


Knowledge of the effect of phenolic —OH on toxicity to microorganisms 
goes back to Lord Lister and his use of phenol in antiseptic surgery. 

We have tested only three heterocycles with —OH substituents, quino- 
line, pyrimidine, and phenothiazine. Of these, only quinolinol was active. 


4 GH,GH,CN 
ea ae N(CH CH, CN), 
HC CH-COOH i C-CH;-CH-COOH 
H,c-—————CH,, N CH 
L-Proline N, N\-Tris(2- cyanoethyl)-L-histidine 
CH, CH, CN OH 
N N 
aa < 
4 ie ES 
H,C—————CH, = 


SO3H 


|-(2-Gyanoethy!)-L-pyroqlutamic acid 8-Quinolinol-5-sulfonic acid 


N N 
SS.cooH 4. CONH> 
ee COOH SZ COOH 


Quinolinic acid Quinolin-2-amic acid 


FiGureE 4. Acid substituted heterocycles. 


The non-active pyrimidine derivatives (Fig. 6) were 5,6-dihydro-6- 
imino-5-isonitrosouracil, 5-amino-2-phenyl-2-v-triazolo[d]pyrimidine-7-ol, 
2,6-diamino-5-nitroso-4-pyrimidol, 2,5,6-triamino-4-pyrimidol monosul- 
fate monohydrate, 2,6-diamino-4-pyrimidol sulfate. The latter shows slight 
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TABLE III 
ACTIVITY OF SALTS FORMED FROM HETEROCYCLIC NITROGEN COMPOUNDS WITH ACIDS 
Toxicity Illustration No. 
Compound ie S Whole Nucleus 
structure only 

Pyridoxine hydrochloride ar = 5 
Neutral red hydrochloride + + 5 
Acridine yellow hydrochloride + fe 5 
Quinine hydrochloride + + 15 
Quinine sulfate aE ae 15 
Quinine bisulfate di ak TG 
Quinine citrate oe ak. 15 
Quinine salicylate ale pe 15 
Quinidine hydrochloride (isomer of quinine) a - 15 
Cinchonine hydrochloride (quinine minus methoxy) 7 = 15 
Cinchonine salicylate — at mg 
Cinchonidine hydrochloride (isomer of cinchonine) — 1s 
8-Quinolinol sulfate aL ae I 
8-Quinolinol benzoate atte ats I 
2,6-Diamino-4-pyrimidol sulfate + - 6 
2,5,0- Triamino-4-pyrimidol monosulfate + — 6 
3-(2-Piperidino-1-hydroxy-n-propyl) phenanthrene 

hydrochloride + + 14 
3-(3-Pipiridino-1-oxo-propy]!) phenanthrene hydrochloride + + 14 
2-[3-(1,2,3,4- letrahydroisoquinolino)-1-oxo-propyl- 

phenanthrene hydrochloride + + 14 
2-[3-(1,2,3,4- letrahydroisoquinolino)-1-hydroxy-m- 

propyl|phenanthrene hydrochloride + + I4 
3-[(1,2,3,4- letrahydroisoquinolino)methy]]-4-hydroxy- 

I,2,3,4-tetrahydrophenanthrene hydrochloride ae + 14 


HCl 


N 
Se CH3 (CHa)oN = NH,-HCl 


HOCH, LE OH Se 
N 
CH2OH 
Pyridoxine hydrochloride Neutral Red 


HCl 


N 
HoN "aks cs NH, 


CHz e eZ CH, 


Acridine Yellow 


FicurE 5. Acid salts of compounds containing nitrogen. 
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toxicity to Macrosporium, but this is almost surely due to the acidity to 
which Macrosporium is very sensitive. 

3-Hydroxyphenothiazine and thionol (7-hydroxyphenothiazone) (Fig. 
6) were not active against either fungus. Abiusso (1) reported toxicity of 
the latter compounds to Gloeosporium and Fusarium. 1-Methyl-3-hydroxy- 
phenothiazine and 7-ethoxy-3-hydroxyphenothiazine show very slight 
toxicity to Sclerotinia only. This is probably an action of the aliphatic sub- 
stituents as will be discussed below. 


i oH 
N C N 
aig ae ia oe a 
HON=C NH H,N-C C 
ae SZ 
x 
5,6-Dihydro-6- 5-Amino-2-phenyl-2- 
imino-5-isonitrosouracil v-triazolo[d]pyrimidin-7- ol 
N N 


neg Sis Ss 


HO Xe) 
OH 
2,6-Diamino-4- Thionol 


pyrimidol sulfate 


FicureE 6. Hydroxyl substituted heterocycles. 


The fungitoxicity of the quinolinols (see Fig. 1) has occupied the atten- 
tion of this laboratory ever since we began to use them in the chemotherapy 
of Dutch elm disease in 1941 (34), and since Zentmyer (32) made the sig- 
nificant suggestion in 1943 that the action of 8-quinolinol is due to its prob- 
able ability to chelate the essential metals of the fungus (zinc salt, illus- 
trated in Fig. 7). This action of 8-quinolinol was discovered, apparently 
independently, but somewhat later by Albert et al. (2) in Australia who 
were working with bacteria. 

The effect of substituting a sulfo group in the 5-position (Fig. 4) is 
interesting and critical to a discussion of mechanism. The sulfo group com- 
pletely quenches the toxicity to Sclerotinia of 8-quinolinol and of 7-iodo-8- 
quinolinol. It does not quench the toxicity to Macrosporium. 
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Let us consider first the difference between the organisms. 8-Quinolinol- 
5-sulfonic acid is toxic to Macrosporium, not to Sclerotinia. Considering 
this isolated fact in the light of data given above on acid substituents, we 
have no trouble in concluding that the acidic grouping confers the toxicity 
on Macrosporium. The second fact to be worried about is that 8-quinolinol 
is toxic to Sclerotinia, whereas 8-quinolinol-5-sulfonic acid is not. Let us 
accept the reasonable deduction that 8-quinolinol owes its fungitoxicity 
to its ability to chelate the metals that the fungus requires. If so, putting a 
sulfo grouping in the 5-position must destroy its ability to chelate metals 
by the mechanism of the parent compound. Albert et al. (2) have deter- 
mined this to be so. 

Putting these two deductions together we conclude that 8-quinolinol 


1 SX ancl ee 
ea: 
@ x 


8-Quinolinol, zinc salt 


FiGure 7. Zinc-8-hydroxyquinolinate, 


chelates the metals of both spores and is toxic. 8-Quinolinol-5-sulfonic acid 
does not chelate metals and is not toxic by that mechanism to either spore. 
Its acidic property, however, makes it toxic to Macrosporium. 

The quenching action of the sulfo grouping must be to act competi- 
tively with the —OH grouping in the molecule. This is the paradox of the 
hungry mule positioned halfway between two equally attractive piles of 
hay—he starves to death. The experimental approach to this paradox is to 
make one pile of hay inedible. The mule eats the other. In our case, we 
inactivated the sulfo grouping with zinc as in 8-quinolinol-5-sulfonic acid, 
zinc salt. The toxicity to Sclerotinia was restored. Albert et al. (2) made an 
ester of the sulfonic acid and restored the lost toxicity. This result leads 
one to think that the acidic group reduces the pH of the spore suspension 
to a point where the 8-quinolinol does not chelate readily (see Zentmyer, 
33). 

This is probably not the whole story, however. Mason (20) reports that 
nitro groups in the 5- and 7-positions quench the potency of 8-quinolinol 
to both Sclerotinia and Macrosporium. This observation is useful to this 
discussion. It almost clinches the explanation for the toxicity of the 5- 
sulfonic acid compound to Macrosporium. The nitro group is just as effec- 
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tive as the sulfo group in quenching the toxicity. Only the sulfonic acid re- 
stores toxicity to Macrosporium. Hence, it must be the acid. 

However, the nitro group would not reduce the pH to a level where 
chelation would fail to occur. Whether 5,7-dinitro-8-quinolinol would che- 
late metals, we do not yet know. The data do fit another hypothesis of 
fungitoxic action. Horsfall and Rich (12) have shown that oxidized sub- 
stituents often quench the toxicity of reduced substituents. Their thesis is 
that the fungus depends for its livelihood on its ability to oxidize its sub- 
strate to obtain energy. The fungus may very well oxidize to its own detri- 
ment the reduced compound instead of the normal substrate. 

The action of 2-quinolinol should be interesting. Albert et al. (2) found 
that it is incapable of forming chelate complexes with metal. Under the 
chelation theory, it should not be toxic. They reported that it is not. Rigler 
and Greathouse (25) say that it is only 1/600 as toxic to the Phymato- 
trichum fungus as 8-quinolinol. In our tests it was weakly toxic to only one 
of our organisms, Macrosporium. 

Most 8-quinolinol compounds have peculiar dosage-response curves as 
mentioned briefly by Barratt and Horsfall (4). The curves are bimodal. 
There are two peaks. That means that between the two peaks toxicity 
increases as concentration decreases. This is easy to write off as experi- 
mental error, but it definitely is not. 

No very certain explanation for this phenomenon exists. Barratt and 
Horsfall (4) give numerous instances and extensively discuss the general 
problem. They conclude that a polymodal curve indicates that the com- 
pound is acting by more than one mechanism. This suggests that 8-quino- 
linol acts by at least two mechanisms. 

The chelation theory provides for only one mechanism. Possibly metal 
salts of 8-quinolinol act by the second mechanism. If true, then metal salts 
should not show double curves. Double curves do not occur in the data for 
two tests with 8-quinolinol, calcium salt, and one test with 8-quinolinol, 
magnesium salt. Mason (20), however, reports double curves for metal salts 

Substitution of methyl in the 4-position of 2-quinolinol added no po- 
tency to 2-quinolinol. 

The copper complex of 8-quinolinol has recently been revived by Powell 
(23) as a foliage fungicide. This was used earlier in France. Several investi- 
gators, notably Ciferri and Baldacci (5), Mason and Powell (21), and lately 
Manten, Klépping, and van der Kerk (18) have called Zentmyer’s theory 
into question on the basis of the fact that the copper complex is fungitoxic. 
The essence of their argument is this: 8-quinolinol should not be able to 
chelate with the metals in the spore if it is tied up in a chelated complex 
first. 

Vicklund and Manowitz (28) have attacked this conclusion and sup- 
ported Zentmyer (33). They have shown that the preformed copper com- 
plex ionizes to some extent, thus liberating copper ions and 8-quinolinol 
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ions. They find that the fungus secretes an enzyme that tends to destroy 
8-quinolinol. This enzyme action is poisoned by copper. Hence, the copper 
salt is the most active of the 8-quinolinols because it has a double action. 
The copper prevents the destruction of the 8-quinolinol which in turn in- 
hibits the spore by combining with the needed metals. The 8-quinolinol 
problem does not yet appear to be completely solved, but it is a good exam- 
ple of multiple action of fungicides. 

As shown above, the amino acid, L-proline, is not active. If, however, an 
—OH is inserted in the 4-position, the compound becomes fungitoxic as 
Robbins and McVeigh (26) have shown. They suggest that the compound 
may interfere with the nitrogen metabolism of the cell. 


EFFECT OF SULFHYDRYL GROUPS 


—SH is not as old a toxophore historically as —OH, but it is just as im- 
portant, especially to fungi. We have data (Fig. 8) on only four thiol com- 


H, ae See SS -SH 
le! | 


4,5-Dimethyl-2-thiazolethiol 2-Mercaptobenzothiazole 


io 
Se ee Ss 
| is 2 


2,2'-Dithiobis(benzothiazole) 


FicureE 8. Thiol substituted heterocycles. 


pounds, 4,5-dimethyl-2-thiazolethiol, 2-mercaptobenzothiazole (Captax), 
2-mercaptobenzothiazole, zinc salt, and 2,2’-dithiobis(benzothiazole). Both 
thiazolethiols were reasonably fungitoxic to both organisms. Marsh (19) 
appears to have been the first to try 2-mercaptobenzothiazole. Everitt and 
Sullivan (7) report that 2-phenylbenzothiazole was toxic to various fungi 
in culture, but not so toxic as 2-mercaptobenzothiazole. We have a fair 
amount of additional data on 2-mercaptobenzothiazole as a fungicide. In 
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eight tests of the compound the mean EDs50 on Macrosporium was 8.4 mg. 
per cm.? and a dosage-response slope was 4.60. 

The —SH group clearly is essential to toxicity since (a) neither benzo- 
thiazole (Fig. 1) nor 2-chlorobenzothiazole was fungitoxic; (b) if two mole- 
cules of 2-mercaptobenzothiazole are combined at the —SH groups to give 
an —S—S— linkage [2,2’-dithiobis(benzothiazole)] (Fig. 8), the toxicity is 
quenched. 

Albert et al. (2) suggest that the bactericidal action of 2-mercaptoben- 
zothiazole is due also to its ability to chelate metals. The opponents of the 
chelation theory might well bring to their support the fact that the zinc 
salt of 2-mercaptobenzothiazole is toxic to fungi just as the metal salt of 
8-quinolinol is toxic. The zinc salt of 2-mercaptobenzothiazole in a single 
experiment had an EDs50 of 8.0 wg./cm.” and a dosage-response slope of 
4.80. The slope is the same as that for the parent compound, indicating 
that the mode of action is the same. The fact that the EDs50 is the same 
suggests, however, that the zinc salt is weaker, because it contains two 
moieties of benzothiazole. 

One is tempted to speculate on the basis of the chelation theory that 
useful toxicants could be prepared from other heterocycles by designing 
them with an —OH or —SH or a carbon atom, adjacent to the nitrogen. 
Albert e¢ al. (3) have already shown that 1-hydroxyacridine is active. 


EFFECT OF A CARBONYL GROUP IN THE HETEROCYCLE 


The carbonyl group is one that often confers fungitoxicity on a mole- 
cule especially if the carbon occurs in a ring. Numerous heterocycles with 
carbonyl groups in the ring have been examined. 

Inspection of the data (Tables IV and V) shows that single carbonyls 
are less likely to impart fungitoxicity than double carbonyls. Twelve com- 
pounds with a single C=O or C=S in the ring were tested (Table IV and 
Fig. 9). Six showed some toxicity to Macrosporium, five to Sclerotinia, 
four to both organisms. 

1-(2-Cyanoethyl)—1—pyroglutamic acid, was toxic to Macrosporium 
and not to Sclerotinia. As we have already suggested, however, this is 
probably due to the —COOH group, not to the carbonyl. Of the five pyra- 
zolones, two were toxic, one (picrolonic acid) undoubtedly because of the 
—NOz groups. The other, 5-methyl-2-phenyl-3-pyrazolone, is not active 
against Macrosporium, only very weak against Sclerotinia. It has hydrogen 
attached to the nitrogen and is thus reminiscent of other toxic heterocycles 
so constructed. 

o-Benzoic sulfimide (saccharin) is toxic to Macrosporium, not toxic to 
Sclerotinia. The reason for this is not clear, but it is interesting that con- 
version to the sodium salt quenches the activity. We suspect that this is due 
to the fact that the sodium salt ionizes sufficiently to inhibit permeation. 


19st] HorSFALL & RicH—HETEROCYCLIC NITROGEN COMPOUNDS 331 


TABLE IV 
ACTIVITY OF COMPOUNDS WITH A SINGLE C=O or C=S Group IN THE RING 
Toxicity Illustration No. 
eonnoe a s | Whole Nucleus 
structure only 

1-(2-Cyanoethyl)-L-pyroglutamic acid ot = 4 
o-Benzoic sulfimide (saccharin) + — 9 
o-Benzoic sulfimide, sodium salt — — 9 
1,4-Dihydro-1-methyl-4-quinolinethione + a 9 
Acridone = te 9 
Phenothiazone 4 + 6 
Thionol = = 
5-Methyl-2-phenyl-3-pyrazolone = ets 9 
2-Phenyl-1,5-dimethylpyrazolone _ — 9 
4-Amino-2-phenyl-1, 5-dimethylpyrazolone — 9 
N-[8-(4-Antipyrylamino)crotonylJaniline -- _ II 
Picrolonic acid se 13 


e) 
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aoe fel /- 


ce Ns 


5-Methyl-2-pheny|-3-pyrazolone o-Benzoic sulfimide 
(@) GH3 
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Acridone |,4-Dihydro-i-methyl-4-quinolinethione 


FIGURE 9g. Single substitution of C=O and C=S. 


This does not ‘prove, in other words, that the hydrogen on the nitrogen is 
inactive. It would have to be substituted to prove that. 

Phenothiazone, acridone, and 1,4-dihydro-1-methyl-4-quinolinethione 
are quinoid structures based on carbonyl or C=S and are presumably 
toxic on that account. The action of acridone provides some evidence for 
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this. If the carbonyl group in acridone is reduced as in acridan (Fig. 1), 
the activity is lost. Goldsworthy and Green (9) first reported the fungitoxic- 
ity of phenothiazone. 

Thionol is a strange compound. It may be written as 7-hydroxypheno- 
thiazone. If so, it is a quinoid structure that is non-active. Perhaps this is 
another case of interference between oxidized and reduced toxophores. 

The heterocycles containing two carbonyls in the ring are especially 
interesting to us. Many of them are quite fungitoxic. The first one that 
came to significant notice is actidione (Table V and Fig. 10), which is a 


TABLE V 
AcTIVITY OF CoMPoUNDS wITH Two C=O or C=S Groups IN THE RING 
Toxicity Illustration No. 
Compound M S Whole Nucleus 
structure only 
1-Acetyl-2-thiohydantoin 4. + 
Succinimide — = 10 
Phthalimide + Bie ike) 
Quinolinimide = st site) 
“Orthocide 406’; (N-(Trichloromethylthio)- 
1,2,3,6-tetrahydrophthalimide) se 2 10 
Actidione —- a ike) 
Thiobarbituric acid + + 10 
5-(p- Dimethylaminobenzylidene)rhodanine + + IO 
6-Aminouracil — — 12 
3-Aminophthalhydrazide — — 10 


by-product of streptomycin manufacture. Its fungitoxicity was first re- 
ported by Whiffen e¢ al. (30). The second one is “Orthocide 406’, N- 
(trichloromethylIthio)-1,2,3,6-tetrahydrophthalimide. These both have the 
two carbonyls separated by —-N H— in the ring. These two compounds are 
as fungitoxic as any discussed herein. Another powerful fungicide of this 
type is N-nitrosophthalimidine (15). 

Data on these related compounds are given in Table V. Six are toxic to 
both organisms. Thiobarbituric acid is almost as toxic to Macrosporium 
as actidione or ‘“‘Orthocide 406.” Thiobarbituric acid is not strictly in the 
group because it has one C=S instead of two carbonyls. 5-(p-Dimethyl- 
aminobenzylidine)rhodanine also has C=S replacing one of the carbonyl 
groups, but the compound is fungitoxic as expected from the rest. In fact, 
Horsfall and Zentmyer (13) published on its fungitoxicity in 1944, in con- 
nection with their studies of metal reagents as fungicides. Albert et al. (2) 
tested it independently as a bactericide. They say that it acts to chelate 


metals. To that extent its activity is in accord with that of 8-quinolinol. 
OF sie 


The performance of the || | || — structure in many types of rings 
Rey (sees eee g 
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FiGuRE 10. Double substitution of C=O or C=S. 
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suggests that it isa strong toxiphore. Succinimide is an exception. It is not 
active. Whether this is due to low toxicity or to low permeation is not clear, 
but we suggest that it is probably poor permeation because it does not con- 
tain a lipophilic group. 

There are two other exceptions to the generalization that two carbonyl 
groups in a heterocyclic nitrogen compound impart fungitoxicity. These, 


TABLE VI 
ACTIVITY OF COMPOUNDS WITH A C=O GRoupP IN A SIDE CHAIN 


Toxicity Illustration No. 


Compound Whole Nucleus 
structure only 
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N-[6-(4-Antipyrylamino)crotonylJaniline 
Quinolinamide 

Quinolinic acid, methyl ester 

N-(1-Oxolauryl) phenothiazine 
10-Benzoyl-3,7-bis(dimethylamino) phenothiazine 
3-(3-Piperidino-1-oxo-propyl) phenanthrene 


linet erin 
alee Sea 


hydrochloride oo + 14 
2-[3-(1,2,3,4- letrahydroisoquinolino)-1-oxo- 
propyl]phenanthrene hydrochloride 4. + I4 


Nicotinic acid esters (See Table IX) 
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FIGURE 11. C=O as part of a side group. 
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listed at the bottom of Table V, are 6-aminouracil and 3-aminophthalhy- 
drazide. It is probably significant that both molecules contain amino 
groups in addition to the carbonyls. Hence, the molecule contains both an 
oxidized and a reduced group. Horsfall and Rich (12) have shown that 
other such compounds are inactive. 


EFFECT OF CARBONYL GROUPS IN THE SUBSTITUENT 


Sometimes in this paper we have decided that a structure is a good toxo- 
phore on the basis of proportion of successful molecules that contain it. 
On that basis, we must conclude that carbonyl in a substituent group at- 
tached to a heterocyclic nitrogen compound does not lend strong toxicity. 
Of the 14 compounds tested (Tables VI and IX, and Fig. 11) seven were 
appreciably toxic to Sclerotinia. Two were toxic to Macrosporium unless 
they were acid salts as in the two phenanthrene compounds. Horsfall, 
Chapman, and Rich have shown elsewhere (11) that the C=O group is 
more toxic to Sclerotinia than to Macrosporium. This is surely true here. 


EFFECT OF AMINO GROUPS 


—NH, was ineffective as a means of making heterocyclic compounds 
fungitoxic. Twelve compounds were assayed (Table VII and Fig. 12). Only 


TABLE VII 
AcTIvITy oF —NH2 ATTACHED TO THE RING 
Toxicity Illustration No. 
Compoune * 5 | Whole Nucleus 
structure only 

2,6-Diamino-5-nitroso-4-pyrimidol — 
2,6-Diamino-4-pyrimidol sulfate == = 6 
2,5,6- Triamino-4-pyrimidol monosulfate + = 6 
6-Aminouracil — _ 12 
3-Aminophthalhydrazide = = ike) 
2-Aminopyridine = = I 
Thionine (3,7-diaminophenothiazine) + + I 
Acridine yellow hydrochloride +- + 5 
Neutral red hydrochloride ar a 5 
2-Aminothiazole ae ze 12 
2-Aminonaphtho(2,1)thiazole - = 12 
2-Amino-4-(p-biphenylyl)thiazole -- = 12 
5-Amino-2-phenyl-2-v-triazolo[d]-pyrimidin-7-ol - - 6 


one, other than the three dyes, showed any significant activity. This result 
contrasts sharply with the effect of —NH, attached to a diphenyl nucleus. 
There, —NH, often confers toxicity (11). On the basis of performance of 
carbonyl in a heterocycle, one would expect that 6-aminouracil (Fig. 12) 
might be active. Since it is not, then the amino group must be quenching 
the toxicity as discussed above under the action of the carbonyl group. 
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Ht 
LS ae 
cee is ea 
HG N-H HC———_N 
6-Aminouracil 2-Aminothiazole 
S eile 
S N 
feetelligs 
2-Amino-4-(A4- biphenylyl)thiazole 2-Aminonaphthol2,1| thiazole 


FiGURE 12. Amino substituted heterocycles. 


EFFECT OF NITRO GROUPS 


The nitro (—NOsz) group is usually a powerful activating group on fungi- 
toxicity. It was no exception here. It activates antipyrene (see picrolonic 
acid,! Fig. 13), quinoline, chloroquinoline, and chlorobenzothiazole. 2- 
Chloro-x-nitrobenzothiazole must act by a different mechanisn from 2- 
mercaptobenzothiazole because the slope of the dosage-response curve 
was 2.2 as compared with 4.6 for 2-mercaptobenzothiazole. 

Mason and Powell (21) have shown, however, that nitro groups in the 
5- and 7-positions of 8-quinolinol suppress the potency. This is very 
interesting in the light of the fact that sulfo and nitro groups act similarly 
in some cases. It will be remembered that a sulfo group in the 5-position 
also quenches the toxicity of 8-quinolinol. 

Oster and Golden (22) have shown that nitration of quinoline (not 
quinolinol) in the 6- or 8-position makes it fungitoxic. This is probably on 
account of oxidation. 


EFFECT OF NITROSO GROUPS 


Likewise, —N =O is a powerful toxophore. McNew and Sundholm (17) 
showed that various derivatives of 4-nitrosopyrazole (Fig. 13) are powerful 
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fungitoxicants. We used several of these in testing the action of lipophilic 
groups on activity. The activities are discussed below. Ladd (15) has 
patented N-nitrosophthalimidine as a fungicide. One of our nitroso com- 
pounds was essentially inactive, 2,6-diamino-5-nitroso-4-pyrimidol. Per- 
haps, the —NH, or the —OH inhibited the usual fungitoxic action of the 
nitroso group. 


i Ht 
O> N-C C-CHs; N 
| cee oS 
Soe call oe 


3,5-Dimethyl-4-nitrosopyrazole 


NO» 
Picrolonic acid 


6-Nitroquinoline 2-Chloro-x-nitrobenzothiazole 


FiGureE 13. Nitro and nitroso substituted heterocycles. 


EFFECT OF QUATERNARY NITROGEN 


The fungitoxic action of quaternary ammonium derivatives is so well 
known as hardly to be worth discussion. This applies whether the nitrogen 
occurs in a ring or not. Howard et al. (14) have reported the fungitoxicity 
of pyridinium, quinaldinium, lutidinium, picolinium, and isoquinolinium 
compounds. Lauryl isoquinolinium bromide (16) had a brief flurry as a 
field fungicide for apple scab. It has topical chemotherapeutic value, but 
it lacked sufficient protective value to make it successful. 


EFFECT OF HALOGENATION 


Chemists often chlorinate organic compounds to enhance their reac- 


eee eee ae ~ 
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tivity. Often this procedure does not produce the desired effect on the ac- 
tivity toward fungi (10). In many cases, the opposite effect is to be noted. 

We tested, for example, various chlorinated 2-quinolinols: 4-chloro- 
methyl-2-quinolinol, 8-chloro-4-methyl-2-quinolinol, and 8-chloro-4-chloro- 
methyl-2-quinolinol. In all cases the toxicity was quenched. Similarly, 
Mason and Powell (21) showed that substitution of chlorine or bromine in 
the 5- and 7-positions reduced the fungitoxicity of both 8-quinolinol and 
8-quinolinol, copper salt. Oster and Golden (22) similarly showed that 
5,7-dibromo-8-quinolinol and 5-chloro-7-iodo-8-quinolinol were less active 
against a human pathogenic fungus—Trichophyton. 

On the other hand, chlorine in the 7-position clearly enhanced the 
activity of 2,2,4-trimethyl-1,2-dihydroquinoline to Sclerotinia. This is evi- 
dence that dihydroquinoline and 8-quinolinol have different modes of ac- 
tion. 


EFFECT OF LIPOPHILIC SUBSTITUENTS 


One of the most interesting outcomes of this study of the activity of 
heterocyclic nitrogen compounds was the apparent significance of aliphatic 
and aromatic substituents on the heterocycle. 

It is not difficult to see how hydrophilic groups that are chemically re- 
active can make a nucleus fungitoxic. They give it opportunity to react. 

Of much more interest is, what function can a hydrocarbon group per- 
form? It is usually chemically inert. Hydrocarbon substituents are notably 
effective in making compounds fungitoxic. One of the most striking in our 
experience is the action of a 2-hendecyl group on 2-oxazoline. Horsfall (10) 
reported that 2,4,4-trimethyl-2-oxazoline (Fig. 1) was not fungitoxic. 2- 
Hendecyl-2-oxazoline, on the other hand, is a powerful spore inhibitor. 
Rich and Horsfall (24) are proposing elsewhere that the hydrocarbon groups 
act through their lipophilic properties to increase permeation of the com- 
pound into the cell. They do not increase toxicity. They increase activity. 
A 2-hendecyl group does not make 2-oxazoline toxic. It was toxic all the 
time. It was not able to permeate into the cell. It could not exert its toxicity 
on the outside of the cell. 

We think that the increase in permeability arises because the hydro- 
carbon groups enable the compound to dissolve—not in the water that 
bathes the cell, but in the fats of the semipermeable membrane that en- 
closes the cell. This obviously is in accordance with the Overton-Meyer 
theory of permeability. 

The discovery of the activating effect of hydrocarbon groups is old. 
Treat B. Johnson, Yale Professor of Chemistry, added greatly to his 
wealth by patenting hexylresorcinol. He did not discover the bactericidal 
effect of resorcinol, just the patentable activating effect of the hexyl group. 

Perhaps the first example of an activated heterocycle that came to our 
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attention was 3-phenylaminophenothiazine and 3-(p-ethoxyphenylamino)- 
phenothiazine. These were both found to be toxic to our test organisms in 
late 1942. Since phenothiazine (Fig. 1) is not active, it is clear that these 
two groups imparted activity. One might assume that the toxicity lies in the 
—NH— bridge. Diphenyl amine is not toxic, however (11); in fact, few sec- 
ondary amines are fungitoxic. The hydrocarbon ring must be the activat- 
ing group, since it is almost as effective as the ethoxyphenyl group. 

Our data on most heterocyclic nuclei are only tantalizingly suggestive. 


TABLE VIII 


EFFECT OF LIPOPHILIC GROUPS ON ACTIVITY OF 6-ATOM 
HETEROCYCLIC NITROGEN COMPOUNDS 


Toxicity Illustration No. 


Compound Whole 


ie Nucleus 


structure only 


DH 


1-Methylpryidine 

3-Methylpyridine 

3,4-Dimethylpyridine 

2,6-Dimethylpyridine 

1,4,6- Trimethylpyridine 

2-(n-Amyl)pyridine 

4-(n-Amy]l)pyridine 

Sulfapyridine, sodium salt 

2-Stilbazole 

2,6-Distyrylpyridine 

a,a’-Dipyridyl 

3-(2-Piperidino-1-hydroxypropy])-phenanthrene 
hydrochloride 

3-(3-Piperidino-1-oxopropy])-phenanthrene 
hydrochloride 

Actidione 


aed 


HHH HHH HA 


14 
14 
14 


et ise alecalle el) 


14 


14 
Io 


Seare are eye ike ah We tet 


++ 4+ 


We are convinced, however, that many of the heterocycles could be per- 
suaded to kill fungi by the addition of the proper hydrocarbon at the prop- 
er place. 

Data on nitrosopyrazole, imidazoline, and esters of nicotinic acid will be 
presented below in terms of the effect of chain length and position. 

We have studied 14 piperidine and pyridine (Fig. 1) heterocycles with 
hydrocarbon substituents (Table VIII and Fig. 14). Two are piperidines 
(reduced pyridine) and the others are pyridines. 

Methylation in any single, double or triple position on pyridine was 
incapable of adding toxicity. Similarly, 2-(m-amyl)pyridine was not toxic, 
but 4-(n-amyl)pyridine was weakly toxic to Sclerotinia. The sodium salt 
of sulfapyridine was non-toxic, but it is not strictly germane here because 
it is water soluble. 2-Stilbazole was very active against Sclerotinia but 
somewhat less active against Macrosporium. 2-Stilbazole is pyridine to 
which styrene is attached in the 2-position. This hydrocarbon group makes 
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Ss “< — HH 
Se 


<,'-Dipyridyl 2-Stilbazole 


BEE 


2,6-Distyrylpyridine 


Ho Ho 
C C 
HCl 9 
Hp © N-C-G-C 
H> H> 
C C 
H> He 


3-(3-Piperidino-|-oxopropyl)phenanthrene hydrochloride 
H 
i 
“ny Se 


2 -[3 - (1,2,3,4- Tetrahydroisoquinolino) - | - oxopropyl] phenanthrene hydrochloride 


FrGureE 14. Lipophilic substituted heterocycles. 
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pyridine significantly fungitoxic to both organisms. One might suspect 
the double bond of the styrene moiety as the toxophore, were it not that 
the same grouping repeated in the 6-position is not active (2,6-distyrylpyri- 
dine). It may be significant, however, that a,a’-dipyridyl is only weakly 
fungitoxic. Even though one pyridine nucleus may be considered as a 
lipophilic group on the other, the compound is still essentially inactive. 

It is interesting that of the three pyridine compounds so far shown as 


CHz 
N 


N 
Se aS 


ee Ze 


2-Methylquinoline 8-Methylquinoline 


eS 
CH30 le) eg 


1 
p~G" Gy, He 
a | 
HG re C-CH=CH, 
1 
Pel q 
H 


Quinine 


Ficure 15. Lipophilic substituted heterocycles. 


toxic, all are more toxic to Sclerotinia than to Macrosporium. We have data 
on two piperidine compounds (Fig. 14) each of which has a phenanthrene 
group attached through a propane bridge. Both were reasonably toxic. 
Since both are hydrochlorides, we cannot be sure whether they, like pyri- 
dine, are more toxic to Sclerotinia than to Macrosporium or not. HCI in- 
creases the toxicity to Macrosporium, as we have already seen. 

Similarly, we have data on a few quinoline compounds substituted 
with hydrocarbon groups. Quinoline itself (Fig. 1), as mentioned above, is 
not active. Quinaldine (Fig. 15) is slightly active against both organisms, 
especially Sclerotinia. This is reminiscent of the situation with pyridine. 
8-Methylquinoline (Fig. 15) was not active. 

Rigler and Greathouse (25), growing the fungus Phymatotrichum omni- 
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vorum in culture, reported as follows on the fungitoxicity of methylquino- 
lines: 6-methylquinoline was the most potent of the single substitutions 
followed in decreasing order by 4-, 7-, 2-, and 8-methylquinoline. The 2,6- 
dimethylquinoline was more inhibitory than the 2,4-dimethyl compound. 
The total evidence, then, indicates that a hydrocarbon substituent in the 
6-position has greater potency than one in the 4-position. 

One wishes for a quinoline with a big lipophilic attachment, preferably 
in the 6-position, perhaps a 17-carbon chain, or a styrene group. A few of 
the compounds that we have, may perhaps throw light on the likelihood 
that this wish could be fulfilled. Quinine and cinchonine (Table III and 
Fig. 15) perhaps will suffice for this need just now. They may be consid- 
ered as quinoline with a large lipophilic substituent in the 4-position which 
is next to the 6-position in importance. Both are toxic to both organisms. 
These two differ only in that quinine has a methoxy group in the 6-posi- 
tion on the quinoline nucleus, cinchonine does not. Unfortunately, we do 
not have sufficient data to distinguish the significance of the 6-methoxy 
group in quinine. Perhaps acridine also (Fig. 2) could be examined in this 
connection. It could be considered as quinoline with a hydrocarbon group 
condensed at the 2- and 3-positions. If so, it serves to make quinoline 
very active. 

As in the case of the piperidine nucleus (Table III), the attachment of 
phenanthrene may have helped to account for the fungitoxicity of the 
tetrahydroisoquinoline nucleus. This, however, is uncertain, because we 
had no tetrahydroisoquinoline with which to compare it. 

It seems significant that acridan (Fig. 1) is essentially not active, but 
9,9-dimethylacridan is toxic to Sclerotinia. Also 3-hydroxyphenothiazine 
is not active but 1-methyl-3-hydroxyphenothiazine is slightly active 
against Sclerotinia. We have alluded above to the action of 3-phenylamino 
in imparting toxicity to phenothiazine. We should like to test phenothiazine 
compounds with other hydrocarbon substituents in the 1-position or pos- 
sibly other positions. 


EFFECT OF CHAIN LENGTH 


We have a fairly complete series of hydrocarbon esters of nicotinic 
acid (Table IX). It is noteworthy that the ethyl ester is not active. It 
would be easy to say—not toxic. The activity for Macrosporium increases 
as the chain lengthens up to 6 and then decreases sharply. The activity 
for Sclerotinia increases up to 8 and then declines sharply. It is of further 
interest that cyclohexyl is a more powerful activator than normal hexyl 
for either organism. 

Wellman and McCallan (29) discovered the strong activating effect of 
the heptadecyl group in the 2-position on 2-imidazoline (glyoxalidine) or 
1-hydroxyethyl-2-imidazoline. They showed an ‘increase in fungistatic 
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action as the number of carbon atoms in the aliphatic chain in the 2-posi- 
tion is increased to a maximum in the vicinity of 17 carbon atoms beyond 
which it falls off’ (29, p. 152). They were somewhat concerned as to the 
significance of the effect. They say (p. 153), ‘‘A logical assumption for this 
maximum in fungistatic action would be that there is continually in- 
creasing toxicity in the series until the point where decreasing solubility 
allows less than a toxic concentration in solution.’’ This they could not 
confirm, of course. They were concerning themselves with water solubility, 
not lipoid solubility. 

They attempted to measure absorbability of the compound by agitat- 


TAB, IX: 


FuNGIToxiIciTy oF Nicotinic Actp Esters, AND OF 2-IMIDAZOLINE HoMOLOGs. 
Data EXPRESSED AS PERCENTAGE OF Spores Nort GERMINATING 


Micrograms per cm.? 
Name of No. of 3 wes 

Eaheiiient |) carbone Macrosporium Sclerotinia 

1300 130 13 tas 1300 130 13 Te 

Data for esters of nicotinic acid 
Ethyl 2 ° ° ro) ° fo) ° ° ° 
Butyl 4 100 re ° ° 100 (ope ° ° 
Amyl 5 100 63 ro) re) 100 100 fo) fo) 
Hexyl 6 7 ie) ) fo) 100 62 18 fo) 
Cyclohexyl 6 100 53 6 4 100 100 6 ° 
Octyl 8 12 7 I fo) 100 100 100 fo) 
Decyl 10 4 4 fo) ° 23 re) 2 fo) 
Data for substituents in 2-position on 2-imidazoline 

Methyl I 100 |Ca 50 fo) fo) 100 |Ca 50 fo) ) 
Propyl 3 100 100 
Amy! 5 too |Ca 50 re) ° too |Ca 50 ° ° 
Undecyl OTE 100 100 100 ° 100 100 100 ° 
Tridecyl 13 100 100 too 6|Ca so 100 100 100 ©|Ca 50 


ing the homologs in water with activated carbon and with wheat bunt 
spores. The data were inconclusive, perhaps because they had no chemical 
method of measuring the removal. Bioassay, which they used, confounded 
the results. Let us assume that charcoal or the spores had removed, for 
example, more of the 17-carbon homolog from the suspension than of the 
11-carbon homolog. This would leave a lower dosage of ingredient in the 
sample of 17-carbon than of 1r1-carbon homolog. The fungus is about 40 
times as sensitive (Wellman and McCallan 29, p. 152, Table I) to the 17- 
as to the 11-carbon compound. Therefore, the charcoal or the spores would 
have to remove at least 40 times as much of the 17-carbon compound as of 
the 11-carbon, if any difference were to show. We suggest that permeation 
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is the explanation for the difference. If a chemical assay were available, it 
would probably reveal that spores would remove more of the 17-carbon 
homolog than of the r1-carbon. Through the courtesy of Dr. Wellman, we 
have been privileged to study the same series. Data are given in Table IX. 
Activity increased through 13 carbons. The 17-carbon chain was not 
tested. The activity of these compounds is being reported in more detail 
by Rich and Horsfall (24). 

McNew and Sundholm (17) published an extensive study of the 4- 
nitrosopyrazole nucleus. They showed that a hydrocarbon in the 1-position 
is important. The order of activation was as follows: H <methyl <phenyl- 
<a-naphthyl. 

Through the courtesy of the Naugatuck Chemical Company, we have 
been privileged to assay a series of 4-nitrosopyrazoles. These are being re- 
ported in some detail by Rich and Horsfall (24). Suffice it to say here that 
t-phenyl-3,5-dimethyl-4-nitrosopyrazole was much more active than 
1,3,5-trimethyl-4-nitrosopyrazole. Also that 3-methyl-5-phenyl-4-nitroso- 
pyrazole was much more active than 3,5-dimethyl-4-nitrosopyrazole. In 
other words, phenyl is a more active substituent than methyl. One wonders 
what would be the activity of a cyclohexyl or octyl substituted analog. 


DISCUSSION 


It is important to remember that the subject of this paper is the 
fungitoxicity of heterocyclic nitrogen compounds. It is easy to be led 
away from this by the fact that reactive substituents result in reactive 
heterocycles. The same reactive groups usually impart activity to many 
other types of nuclei, however. 

At the risk of appearing to overextend a good thing, we would like to 
suggest that most nitrogen heterocycles are probably inherently toxic to 
fungi. The apparent blandness of some of them, we submit, may well 
be due to lack of permeation ability. If the compound cannot reach the 
site of reactivity, it is powerless to react. 

A tremendous amount of attention has been devoted to a consideration 
of the water solubility of fungicides. Goldsworthy and Green (9) tested 
a series of organic compounds by perfusing the spores with saturated 
solutions. Wellman and McCallan (29) tried to assay the effect of water 
solubility of 2-imidazoline compounds by removing them from solution 
with activated charcoal. Smut spores did not duplicate the results of the 
charcoal. The agar cup diffusion technique of Oster and Golden (22) 
assumes the overriding importance of water solubility in fungitoxicity. 

Water solubility is, of course, a chemical view of the problem. Pre- 
sumably, the chemical reactions necessary to inhibit the spore must go 
on in a water solution; ergo, the potency of a good fungicide must be in 
proportion to its solubility. This conclusion seems to be confirmed by 
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considering the effect of the polar substituents on toxicity. In general, 
almost any polar group increases toxicity. But is this all? 

If water solubility is the main story, then how explain the action of the 
aryl and alkyl substituents? Certainly these do not increase water solu- 
bility, nor do they provide a reactive group. 

A rationale must be devised to account for the simultaneous importance 
of hydrophobic and hydrophilic groups on the same molecule. We must 
not forget another assumption that underlies toxicity—that the locus of 
toxicity is within the cell, that most of the life processes go on inside the 
cell. If so, then the compound must penetrate through the cell wall and 
through a semipermeable membrane. Perhaps the addition of a lipophilic 
substituent enables a potentially toxic molecule to enter a cell where it may 
realize its potentialities. Inthis connection the Overton-Meyer theory of drug 
action must be considered. This theory is based on the assumption that the 
semipermeable membrane of the cell comprises a fat and water emulsion. 
The compound penetrates poorly, then, if it is only fat soluble or only 
water soluble. It should be both. Presumably, that is why most of the 
successful compounds described herein have a hydrophilic group and a 
lipophilic group. Only thus can they penetrate the spore rapidly enough to 
kill it before it can germinate. 

Except for 8-quinolinol, not very much is known about the actual 
mechanism by which heterocyclic nitrogen compounds inhibit spores. It 
so happens that a new theory of action was proposed by Zentmyer (32, 33) 
from this laboratory. He postulated that 8-quinolinol inhibited microor- 
ganisms by forming chelate salts with the essential metals. This is discussed 
in detail in the section on the effect of —OH on activity. 

Having seen how 8-quinolinol acts to remove by chelation the essential 
metals from the fungus, one is tempted to extend the idea to other hydroxy- 
N-heterocyclic compounds. Albert et al. (3) did extend the theory to 1- 
hydroxyacridine and came out with a useful explanation. 

It would be interesting then to attempt to make fungitoxic compounds 
by substituting an hydroxyl group in the 3- or 4-position of pyrazole, 7- 
position on indole, r-position on carbazole, or the 1- or g-position of pheno- 
thiazine. 


SUMMARY 


t. Some 165 heterocyclic nitrogen compounds have been assayed by 
the spore-germination technique against Sclerotinia fructicola and Macro- 
sporitum sarcinaeforme. 

2. Compounds and derivatives of the following types have been investi- 
gated: pyrrole, indole, proline, pyrazole, imidazole, thiazole, benzothiazole, 
pyridine, pyrimidine, hexamethylenetetramine, quinoline, quinine, acri- 
dine, phenazine, and phenothiazine. 


346 CONTRIBUTIONS FROM BoycE THOMPSON INSTITUTE _ [VoL. 16 


3. An unsubstituted nucleus containing heterocyclic nitrogen was 
seldom fungitoxic. 

4. The addition of a lipophilic substituent either aryl or alkyl will 
very often induce toxicity. 

5. Toxicity may be produced also by the addition of a polar group 
such as —NH2, —NO, —NO,., —OH, and —SH. 

6. The combination of a hydrocarbon and a polar group sometimes 
works better than either alone. 

7. The suggestion is made that the hydrocarbon substituents probably 
confer lipoid solubility on the molecule and that the polar groups increase 
its chemical reactivity. According to the Overton-Meyer theory of toxicity, 
a really active molecule should have both types of groups. 

8. Conversion of the nitrogen in a non-toxic heterocycle to a quater- 
nary ammonium group will almost always impart strong fungitoxicity. 

g. A quinoid ring generally has some fungitoxicity. One of the side 
rings in acridine bears an ortho quinoid position to the heterocycle which 
may account for the toxicity of acridine over quinoline. If phenothiazine 
is made p-quinoid with oxygen in the 3-position, it becomes toxic. Chlori- 
nation did not add fungitoxicity to these nuclei. In some cases chlorination 
reduced it. 
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PHENOLIC FUNGICIDES IN AGRICULTURE 
AND INDUSTRY 


R. H. GRUENHAGEN, P. A. WoLF, AND E. E. DuNN? 


Much of Lister’s work on the use of phenol as an antiseptic in surgery 
paralleled Pasteur’s memorable development of the germ theory of disease. 
Lister, although not the first to use an antiseptic, recognized the possible 
relationship between bacteria and disease. The success he attained in 
decreasing mortality rates following surgery naturally led to the study of 
phenol and its derivatives as germicides. These studies are important at 
the present time even though nearly a century has passed since Lister’s 
work was initiated. 

With the growth of information on yeasts, fungi, and viruses as causa- 
tive agents for many diseases, the study of the effectiveness of phenols 
against microorganisms has become a continuing subject for investigation. 
The results of this research now indicate that most phenols have an anti- 
microbial activity which covers a wide range of organisms. Because of 
these discoveries it is not surprising that these compounds have become 
useful in agriculture in combating many plant diseases, as well as in in- 
dustry for controlling microbial deterioration and spoilage. 

Not only do the phenols have wide antimicrobial activity as a class 
but they also have the advantage of being readily available at favorable 
prices. Many phenol derivatives are obtained directly as by-products in 
coal tar distillation and a large group can be synthesized, beginning with 
benzene as a raw material. 

Although there are many derivatives of phenol which are active 
fungicidally, the scope of this paper will be limited to phenol, halophenols, 
alkyl and aryl phenols, and esters and salts of phenols. 


VERSATILITY OF PHENOLS 


Specificity of action rather than breadth of utility has seemed to be 
the trend of recent developments in the chemical control of microorganisms. 
With each succeeding new development, the “single shot fungicide” 
approach to control of microorganisms has receded into the background, 
and the newer, more specific organic compounds have received the greater 
attention. 

These more specific fungicides and germicides have given better control 
in limited fields. Although there is much to be said for this approach, 
there still remains an advantage in being able to work with a single parent 


1 Invitational paper presented before the American Chemical Society in Philadelphia, 
Pa., on April 12, 1950. 
2 Biochemical Research Department, The Dow Chemical Company, Midland, Michigan. 
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structure toxic to microorganisms, and to adapt it for use in a number of 
fields of application against a wide spectrum of microorganisms. Phenol 
provides a parent structure of this description. 

The breadth of effectiveness of three types of phenols, an alkylphenol, 
a halophenol, and a phenylphenol, is illustrated by the fact that 4-sec- 
butylphenol, 2,4,5-trichlorophenol, and o-phenylphenol each inhibit 
Escherichia coli (Mig.) Cast. & Chal., Salmonella typhosa (Zopf.) White, 
Micrococcus pyogenes var. aureus (Ros’n) Zopf., Aerobacter aerogenes 
(Kruse) Beij., Bacillus pumilus Gottheil, Erwinia carotovora (Jones) 
Holl., Lactobacillus plantarum (Orla-Jensen) Holl., Pseudomonas aeruginosa 
(Schr.) Mig., Saccharomyces cerevisiae Hansen, Aspergillus niger v. Tieg., 
Chaetomium globosum Kunze, Penicillium digitatum Sacc., Phomopsis citri 
Faw., and Rhizopus nigricans Ehr. It is thus seen that each of these 
chemicals is active against a wide range of bacteria (both gram-negative 
and gram-positive), and against a number of fungi which are important 
from an economic standpoint. 


ADAPTABILITY OF PHENOLS 


The phenols available for a particular application may not, in all 
cases, give the proper combination of antimicrobial effectiveness, physical 


TABLE I 
ANTIFUNGAL ACTIVITY OF SEVERAL DERIVATIVES OF 2,4,5- TT RICHLOROPHENOL 


Antifungal activity 
Derieat : Inhibition of 
erivative Alaska pea emergence, per cent Aspergillus niger 29 
Treated Control 
Sodium salt 86 ai of 
Zinc salt 88 28 No data 
Dicyclohexylamine salt 78 45 + 
Acetate 85 68 + 
Chloroacetate 80 46 oh 
Benzoate 88 65 + 
Parent compound 86 71 + 


properties, and physiological properties which are optimum or desirable 
for that application. In such instances, it is sometimes possible to take a 
phenol showing the proper microbiological activity and by forming deriva- 
tives arrive at a tailor-made molecule which has the proper physical and 
physiological properties to make it fit more nearly the given usages. The 
data in Table I show that 2,4,5-trichlorophenol may be converted to vari- 
ous types of salts and esters with different physical properties without 
seriously impairing its fungicidal properties. 

In studies reported earlier from this laboratory, Meuli et al. (4) showed 
that the zinc, lead, copper, potassium, barium, sodium, and mercury 
salts of 2,4,5-trichlorophenol when formulated as seed protectants all 
gave a significant degree of disease control on Alaska peas. Although 
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copper, mercury, and zinc are fungicidal in themselves, their inherent 
toxicity to microorganisms may in many cases be enhanced when they 
form a salt with a phenol. Thus the possibilities for combinations having 
the desired biological and physical properties are greatly increased. 

It should not be concluded, however, that all salts and all esters of a 
given phenol will retain the fungicidal usefulness of the parent compound. 
Arndt (1) showed that various esters of 2,4,5-trichlorophenol varied in 
fungicidal activity when tested on cotton seed. He found that in preventing 
seedling infection of cotton by Colletotrichum gossypit South., the acetate 
of 2,4,5-trichlorophenol was effective, the formate and propionate slightly 
less effective, and the carbonate, succinate, and laurate were ineffective. 


ANTIMICROBIAL ACTIVITY AND CHEMICAL 
STRUCTURAL RELATIONSHIPS 

Although the foregoing observations have emphasized the changes 
that can be made in phenols with retention of their antimicrobial proper- 
ties, investigations have shown that in many cases there is an orderly 
gradation in activity which is related to chemical structural changes. This 
behavior may often be used to advantage when a high degree of activity 
for a particular use is desired. An excellent example is the substitution 
of alkyl or aryl radicals on phenols, altering the activity by the position 
and type of substituent introduced. Several phenols containing alkyl, 
cyclohexyl, or phenyl groups as substituents were tested against Salmonella 
typhosa. The results of these tests are summarized in Table II. 


TANSHLTE, JUL 


BACTERICIDAL ACTIVITY OF SEVERAL ALKYL AND ARYL 
PHENOLS FOR SALMONELLA TYPHOSA 


SS Behent Phenol coefficient for isomers 
ae Ortho-substituted Para-substituted 
H I I 
Methyl 4 5 
Ethyl 6 6 
Isopropyl 9 10 
sec-Butyl 34 51 
tert-Butyl 40 33 
tert-Amyl = 02 
Cyclohexyl 80 12 
Phenyl 26 <i 


Although the data presented do not follow smooth progressions, they 
do indicate significant trends. In general, the bactericidal activity of the 
series increases as the length of the alkyl chain increases. 

A comparison of the ortho-alkylphenol with its corresponding para- 
alkyl derivative shows that each pair agrees rather well in regard to 
germicidal activity. Only the phenylphenols and cyclohexylphenols show 
marked differences between the activity of the corresponding ortho and 
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para isomers. This relationship between the activity of the corresponding 
pairs of ortho and para substituted phenols does not hold when the com- 
pounds are halogenated. Suter (6) has reviewed the relationships between 
the structure and germicidal properties of phenols in great detail. 

Our knowledge of the effect of position and degree of substitution upon 
fungistatic effectiveness has been extended by the studies of Marsh and 
his co-workers (3). They found that bisphenols with halogens in both ortho 
positions had lower fungicidal activity than those with the halogen in 


TABLE III 
FUNGISTATIC EFFECTIVENESS OF CHLOROPHENOLS 


Disease control, per cent @oncentration 
Phenol pa ee inhibiting 
Deve pe R. nigricans, % 

Unsubstituted 22 63 0.100 
2-Chloro- 16 62 0.050 
3-Chloro- QOS 
4-Chloro 22 54 0.025 
2,3-Dichloro- 0.010 
2,4-Dichloro- 28 70 ©.010 
2,5-Dichloro- 0.010 
2,6-Dichloro- 0.025 
3,4-Dichloro- 0.010 
3,5-Dichloro- 0.005 
2,3,4- Trichloro- 0.004 
2,4,5- lrichloro- 75 86 0.003 
2,4,6-Trichloro- 65 69 0.004 
2,3,6-Trichloro- 0.003 
2,3,4,6- Tetrachloro- 69 74 0.001 
2,3,5,0-Tetrachloro- 0.003 
Pentachloro- 67 4I 0.0016 
Control 24 pi 


only one ortho position. They also concluded that too high a halogen con- 
tent led to low activity. 

Our studies of chlorinated phenol showed that biological activity is 
related to the degree of chlorination. 

The chlorinated phenols when used as pea seed protectants against the 
soil-inhabiting fungi Pythium, Rhizoctonia, and Fusarium gave varying 
degrees of disease control. Phenol itself and the monochlorophenol isomers, 
as shown in Table III, caused some injury to pea seed at the dosage used 
in the tests. 

Fungicidal activity was observed, however, with dichlorophenol and 
increased to a peak with trichlorophenol. As the degree of chlorination 
increased to tetrachlorophenol the emergence of peas dropped off a little, 
but fungicidal activity was still present. There was a definite retardation 
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and injury noted on peas which had been treated with pentachlorophenol. 

The trend as a pea seed protectant seems to indicate an increase in 
fungicidal activity with an increase in chlorination up to tetrachlorophenol, 
at which point the usefulness in this field decreases. The trend of the 
chlorophenols as seed protectants on peanuts was similar to that for peas, 
with the exception of the response to pentachlorophenol. Good disease 
control and no chemical injury or retardation was noted on peanuts that 
had been treated with pentachlorophenol. 

A series of chlorinated phenols when tested as fungistats against 
Rhizopus nigricans showed-a much more uniform progression than when 
tried against the soil-inhabiting Pythium, Rhizoctonia, and Fusarium. The 
data in Table III indicate an increase in antimicrobial activity with an 
increase in the degree of chlorination, leveling off with tetra- and penta- 
chlorophenol. 


UTILITY OF PHENOLS 


Considering that there is a wide range of phenols with such widespread 
antimicrobial activity, it is not surprising to find that the phenols have 


TABLE IV 
ANTIMICROBIAL USES FOR PHENOLS 
Application Me Application Phenols used 
Adhesives 
Animal glue Tana Aes Oil well drilling mud 2 
Starch 2,3,4,0,7 
Vegetable glue 1, 2-0, 7 Paint 
Oil base 2,8 
Agriculture Water base 2,3,8 as sodium salts 
Bulbs, corms, tubers 1,1b,1c,8 
Dormant fungicides 2,9 Paper and paper products Ty 2) 2aps70,09 
Seed protectants 1b,1e 
Rope and twine 2,6,8 
Cooling tower water 2,8 
Soap, germicidal 14 
Disinfectants 3,5,0,7,10 
Soluble oils Boy 
Fruit or vegetable dips 3,6 
Wood and wood products 
Insulation board 2 Fence posts, poles, ties, 
EL. 2 
Leather processing 2,0,11,12 Interior construction 2,6,8 
Sap stain control 2,6,8 
* =2,4,5-trichlorophenol 7 = p-chloro-m-cresol 
tb=zine salt of 8 = 2,3,4,6-tetrachlorophenol 
1c =acetic acid ester of 1 9=alkanolamine salt of dinitro-ortho-secondary- 
2 =pentachlorophenol butylphenol 
2a =copper salt of 2 to = 2-benzyl-4-chlorophenol 
3 =0-phenylphenol 11 = p-nitrophenol 
4 =chlorocarvacrol 12=p-tertiarybutylphenol 
5 =p-tertiarybutyl-m-cresol 13 = 2,4,6-trichlorophenol 
6 =chloro-orthopenylphenol 14 = 2,2’-methylenebis-(3,4,6-trichlorophenol) 


15=0,m, and p-cresols 


354 CONTRIBUTIONS FROM BoycE THOMPSON INSTITUTE [VoL. 16 


utility in a large number of fields. An indication of the breadth of usage is 
given in Table IV. An examination of the varied uses of phenolic fungicides 
illustrated in Table IV makes it evident that specific physical properties 
are often required. Solubility, vapor pressure, stability to heat, stability 
to light, and resistance to chemical change are properties which determine 
the persistence of a chemical, that is, its ability to remain at the site of 
application. Persistence of the proper degree, whether it be high or low, 
is an important characteristic of an antimicrobial chemical, either in 
industry or in agriculture. 

Physical properties of several phenols are given in Table V. These 
data illustrate the physical changes produced in phenol by introduction 
of a phenyl group asa substituent, or by varying the degree of chlorination. 

It will be seen from Table V that the variations in physical properties 


TABLE V 
Some PuysicaL PROPERTIES OF PHENOLS 


: . . Vapor pressure, | Water solubility 
Pie ae eee Hata bce: euoore: 
: tae (C. ae Dig (Ce 
None 40.6 96 8.66 
o- Phenyl 56.5 200) 0.070 
2,4,5- Trichloro- 67 On 0.100 
2,3,4,6-Tetrachloro- 69.5 DiGi ©.012 
Pentachloro- 190 °.8 0.0016 


are in orderly relation to the degree of substitution in the phenol nucleus. 
With increasing substitution the melting point increases, while vapor 
pressure and solubility decrease. These differences lead to a considerable 
variation in persistence. 

In choosing a fungicide for a field of application, one must consider 
its physiological effects on plants and animals as well as its physical proper- 
ties. There are distinctive variations, both qualitative and quantitative, 
in the physiological properties of the phenols. These variations, along with 
those differences obtainable in physical properties, give one a versatile 
set of tools for control of microorganisms. 

A consideration of the chlorophenols shows clearly the importance of 
their individual physical and physiological properties in determining 
their field of application. Pentachlorophenol is sufficiently persistent to 
use as a wood preservative under rigorous weathering conditions, while 
2,4,5-trichlorophenol is sufficiently fugitive to be an effective, although 
odorous, fumigant. Pentachlorophenol is sufficiently irritating to the skin 
to make it necessary to avoid skin contact even with dilute solutions. 
By contrast, it has been found in experimental trials that 2 per cent 
solutions of 2,4,5-trichlorophenol can be used safely in the treatment of 
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athlete’s foot. Pentachlorophenol is well known for its effectiveness as a 
general weed killer; 2,4,5-trichlorophenol is free enough from phytotoxic 
activity to permit its use as an effective seed fungicide when applied as a 
50 per cent dust. 

A contrast in physiological properties can be illustrated further by 
comparing phenol and o-phenylphenol; thus, phenol itself is moderate in 
acute oral toxicity, while o-phenylphenol is low in acute oral toxicity. In 
contact with the skin, phenol is severely irritating, causing burns quite 
promptly; on the other hand, o-phenylphenol causes only minor irritation. 
Moreover, phenol can be absorbed through the skin rapidly with lethal 
effects, while o-phenylphenol is not absorbed through the skin to an 
appreciable extent. 

Additional studies on rats and dogs have demonstrated that o-phenyl- 
phenol is quite low in chronic oral toxicity; and tests upon human subjects, 
using a 5 per cent solution in oil, have shown that o-phenylphenol causes 
neither primary irritation nor sensitization of the skin. 

The physiological properties of phenol, combined with its low antimi- 
crobial effectiveness, markedly limit its use. In contrast o-phenylphenol 
has a combination of characteristics such as low toxicity, median persist- 
ence, and bactericidal effectiveness over a relatively broad pH range, 
which make it suitable for use in a wide field of applications, including the 
food industry. o-Phenylphenol is used to control surface contamination 
of agricultural products and foods when applied in washes or dips, and in 
wax coatings. 


MECHANISM OF ACTION OF PHENOLS 


Studies on the mechanisms of fungicidal activity of phenols are limited 
in number. The report has been made by Zentmyer (9) that 8-hydroxy- 
quinoline is fungistatic because of its property of forming chelate struc- 
tures with essential trace metal ions. It is hardly likely that this mechanism 
is responsible for the activity of phenols in general. 

The fact that phenols are active against so many bacteria, yeasts, 
and fungi suggests that these compounds must be interfering with meta- 
bolic functions that are essentially common to these organisms. Within 
the last ten years attention has been focused on the antibiotics and their 
mode of bactericidal activity. Work in this field has shed light on the 
general question of the way in which antimicrobial agents act. 

The classical work of Woods (8) on the interference of the sulfanil- 
amides with the metabolism of p-aminobenzoic acid led to the develop- 
ment of a new research field, the study of metabolic antagonists. From 
these studies we know that many bactericides function through their 
ability to interfere with vitamins and other components of essential 
enzyme systems. 

Roberts and Rahn (5) have reported that phenol at lethal concentra- 
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tions inactivated the energy-producing enzymes present in cultures of 
Escherichia coli. At sublethal concentrations which inhibited growth, the 
oxidase enzyme system was inactivated. Upon subsequent removal of 
phenol the oxidase became active again. 

Gale and Taylor (2) have shown that phenol, like tyrocidine, causes the 
loss of internal amino acids from cells of Streptococcus faecalis Andrews 
and Horder. They suggest that the bactericidal properties of these com- 
pounds may be explained by their lytic action on the bacterial cell wall. 
This idea has also been suggested by Tamiya et al. (7). 

Compounds which interfere with protein metabolism might be expected 
to have a wide range of antimicrobial activity. The synthesis of protein 
from inorganic nitrogen or from a limited number of amino acids is a vital 
function common to yeast, bacteria and fungi. Since there are indications 
that phenols interfere with protein metabolism, it is not surprising to find 
that they have a wide spectrum of antimicrobial activity. However, prog- 
ress toward finding the exact mechanism of action is retarded by inade- 
quate knowledge of protein chemistry. 


SUMMARY 


Examples have been cited to show that phenols are versatile and 
adaptable antimicrobial agents. They have a wide antimicrobial spectrum, 
they can be modified structurally to fit a given usage, and they offer a 
wide range of physical and physiological properties from which to choose. 
They are used as microbial inhibitors in a wide number of industrial and 
agricultural applications. 
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FUNGITOXICITY AND BIOLOGICAL ACTIVITY 
OF QUINONES! 


GEORGE L. McNeEw AND Harry P. BuRCHFIELD 


The quinones affect the growth and metabolism of many biological 
subjects. Although the fungicidal members of this versatile class have 
found more extensive commercial use, particularly in agriculture, than 
other representatives, the quinones also affect the growth and metabolism 
of bacteria, protozoa, higher plants, and mammals. By choice of the 
appropriate class of quinones and use of suitable substituents it is possible 
to obtain compounds with desired types of biological activity and physical 
properties. 

The biological activity of quinones may be attributable solely to their 
strong chemical reactivity but there is reason to believe that they may be 
particularly adapted to cellular functions. Many quinones have been found 
naturally in the fungi, bacteria, higher plants, and throughout the animal 
kingdom so it is entirely possible that they serve some vital function in 
cell metabolism. If so, the substitution of analogs that would enter into 
the initial stages of the reaction but not be amenable to its completion 
would block vital cell processes. On the other hand, the quinones may occur 
as by-products of some reaction and have very little direct influence on 
biochemical processes. 

Regardless of whether the natural quinones are essential metabolites 
or mere terminal by-products, they undoubtedly exert an influence on 
general cell metabolism by their strong oxidation potentials. They, in 
association with their dihydroxy analogs, constitute a vital redox system 
that may be important in stabilizing the cell protoplast. Almost any 
hypothesis for their biological activity would be based on the intercon- 
version of quinones and hydroquinones. The addition of a synthetic 
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quinone with strong oxidative ability might shift the oxidation-reduction 
balance in these systems sufficiently to interfere with normal cell functions. 

Another plausible hypothesis is that the biologically active quinones 
may block vital enzymes. A logical assumption is that enzymes bearing 
free sulfhydryl groups could form addition products by the following type 
of reaction: 


I ie ic | 
aise Heer OPE ae eT a. 
Gmerteeeoe 
H— ? ==1f H— | = oe ae 
O O OH O 


Sufficient quinones have been tested empirically during the past 15 
years to reveal the members that are most active against fungi, bacteria, 
yeast, malarial parasites, and specific enzyme systems; so it would be 
in order to draw this information together and see if any consistent corre- 
lations exist between biological activity and chemical structure. Data 
obtained by the writers while at the New York Agricultural Experiment 
Station, the Naugatuck Chemical Division of U. S. Rubber Co., and 
Boyce Thompson Institute for Plant Research provide the basis for evalu- 
ating the quinones as fungicides. Some of these data have been confirmed 
and extended by others in numerous field tests. . 


METHODS OF EXPERIMENTATION AND 
CLASSIFYING FUNGITOXICANTS 

The standard techniques for assaying fungicides were employed with 
only minor variations. The test tube dilution technique for measuring 
inhibition of germination in spores of Alternaria oleracea Milb. and 
Sclerotinia fructicola (Wint.) Rehm. as recommended by the Committee of 
the American Phytopathological Society (1) was used as a preliminary 
screening. Those materials with EDs5o0 values in the range .oor to .or 
p.p.m. are referred to as AAA compounds, .or to 0.1 as AA, 0.1 to rasA, 
1 to 10 as B, 10 to 100 as C, and 100 to 1000 or more as D. 

Most compounds were tested for ability to protect tomato foliage 
from Alternaria solani (Ell. & Mart.) J. & G. at 2000 or 1000 p.p.m. Those 
providing satisfactory control were further tested in dilution series by the 
method of McCallan and Wellman (50) to determine their effective 
dosages. Results are expressed as EDg5 values, determined from plotting 
the data on logarithmic-probability paper. The experimental error in such 
tests averaged 15 to 25 per cent. 

Field evaluations of fungicides were made by applying materials in 
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aqueous suspension with sufficient wetting agent (usually Nacconol NR) 
to permit uniform dispersal. Plants were sprayed at 250 to 400 Ib. pressure 
per square inch until the spray droplets began to coalesce and run on the 
leaf surface. 


THE BENZOQUINONES 


Fungicidal activity. Interest in the quinones as fungicides was revived 
in 1938 when W. P. ter Horst submitted tetrachloro-p-benzoquinone and 
several other materials to J. G. Horsfall and E. Sharvelle of the New York 
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© Red cuprous oxide 

9 2% Ceresan 

® Tetrachloro-p-benzoquinone 
a © Graphite 


INTERFACIAL FRICTION-POUNDS OF PRESSURE 
i) 


! 1 =: 
15 2.0 2.5 3.0 3.5 40 


ie) 0.5 1,0 
RATE OF APPLICATION—-OUNCES PER BUSHEL 


FiGurE t. Effect of different seed treatments on interfacial friction of pea seeds. 


Agricultural Experiment Station for testing. The material was shown to 
have many commercial uses as an agricultural fungicide (9, 29, 30, 47, 
52, 53, 63, 69, 83). It soon became established under the trade name of 
Spergon, as the outstanding treatment of legume seed, particularly peas 
and lima beans. In addition to being effective against most soil-inhabiting 
fungi and safe for the crops, it did not increase the friction of treated seed 
and was non-irritating and non-poisonous to handle (51, 54). The material 
had a lubricating effect somewhat less than graphite (Fig. 1) when tested 
by the method of Suit and Horsfall (73). This helped facilitate the flow of 
seed through the cup of a grain drill and eliminated much of the seed 
injury caused by other treatments as shown in Table I. 

The material was not without its disadvantages, however. Before 
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long it was found to be unsatisfactory as a treatment for spinach and 
beet seed on some soils, presumably due to its hydrolysis to phytotoxic, 
water-soluble chloranilic acid and its derivatives. Although excellent results 
were secured on peat soils, these crops were sometimes injured on alkaline 
soils of mineral origin. 

A wettable grade of tetrachloro-p-benzoquinone proved very valuable 
as a seed bed spray for celery to prevent damping-off of young seedlings 
before they could become established and to control cabbage downy mil- 
dew (16, 25). In the latter capacity, the material restored cabbage plant 
production. to many areas in northern Florida and Georgia where mildew 
was a limiting factor in plant production. Attempts to use it as a foliage 
spray for other crops such as tomato, potato, and apple failed because of 
its poor persistence on foliage, presumably because of its photolability. 


TABLET 


EFFECTS OF SEVERAL SEED TREATMENT MATERIALS ON THE RATE OF FLOW THROUGH A 
FRICTION CuP IN A GRAIN DRILL, SEED Coat INJURY, AND INTERFACIAL 
FRICTION OF PEA SEEDS (PISUM SATIVUM L. VAR. PERFECTION) 


Seed treatment Tatsracial Seeds ae pee 
M : : Dosage, ee cee revolution 
aterial applied oz./bu. Ss. 0 of cup 
Copper oxychloride 4 DR O92 97 
Copper oxychloride sulfate 4 21.9 6.15 99 
Copper carbonate 4 21.2 Holt) 07 
Cuprous oxide (yellow) 4 19.2 6.19 100 
Semesan 4 19.7 eae 108 
Copper formate 4 18.0 4.05 ie 
Cuprous oxide (red) 4 ees Bin 114 
2% Ceresan 4 Tit <@) ee Tait 107 
Cuprious oxide (red) +graphite 4, 2 Boy ©.20 136 
Spergon 4 1.9 One 142 
Graphite 2 1.0 0.02 160 
Untreated control — Bok ©.15 1209 


As shown by Wellman and McCallan (80) and confirmed by direct observa- 
tion, the material does not persist more than seven days when exposed to 
sunlight and rainfall. 

Tetrachloro-p-benzoquinone is an AA compound in glass slide tests 
and has an EDg5 of about 400 p.p.m. against Alternaria solani on tomato 
foliage. p-Benzoquinone and p-toluquinone are only slightly less effective 
on glass slides but neither controls foliage infection more than 80 per cent 
at 2000 p.p.m.; so chlorination obviously improved the plant protectant 
ability of the benzoquinones. The tetramethyl homolog of p-benzoquinone 
(duroquinone) does not show comparable improvement since it is an A 
compound capable of only 60 per cent control of foliage infection at 2000 
p.p.m. Trichloro-p-toluquinone is somewhat more effective since it is a B 
compound with an EDgs5 of about 1000 p.p.m. on tomato foliage. The 2,5- 


1951] McNew & BurcHFIELD—ACTIVITY OF QUINONES 361 


and 2,6-dichloro-p-benzoquinones are only slightly less effective than 
tetrachloro-p-benzoquinone. Various substituents may be placed in the 
other two positions of dichloro-p-benzoquinone without materially affect- 
ing fungicidal activity. In general, the addition of hydroxyl and methoxy] 
groups resulted in compounds that injure tomato and other plants. 

Tetrabromo-p-benzoquinone is almost as effective as tetrachloro-p- 
benzoquinone on glass slides but is less effective on tomato foliage. The 
same relationship holds for the o-benzoquinone derivatives whose mem- 
bers are somewhat less effective than their analogs of the p-benzoquinone 
series. 

These findings are in general agreement with those of Tappi and Forni 
(74) except for the fact they concluded that tetrachloro-o-benzoquinone 
was superior to tetrachloro-p-benzoquinone. They also noted that substi- 
tution of halogen, nitro, alkyl, or alkyloxy groups enhanced the activity 
of p-benzoquinone but reduced activity when substituted on benzoquinone- 
furoxane. Growth of Saccharomyces cerevisiae was 50 per cent inhibited by 
10 to 10-° molar concentrations of benzoquinone derivatives according to 
Hoffmann-Ostenhof and Fellner-Feldegg (34). 2-Methyl-p-benzoquinone, 
2-methyl-5-methoxy-p-benzoquinone, and 2,6-dimethoxy-p-benzoquinone 
were less active than 2,5-dichloro-p-benzoquinone. The quinones may 
also affect absorption of radioactive phosphate (39). 

The naturally-occurring benzoquinones and their reduced analogs. Many 
substituted benzoquinones and their phenolic analogs have been isolated 
from fungi and higher plants by Raistrick and others. The subject is 
adequately reviewed by Mayer (56), Fieser and Fieser (21), and Sexton 
(68). Erdtman and Rennerfelt (17) have isolated thymoquinone, hydro- 
thymoquinone, carvacrol, and thymol from heartwood of Tetraclinis 
articulata. These materials were decidedly more fungitoxic than phenol; so 
their presence may explain resistance of these tissues to fungus decay. 
Fahraeus (18) believes that wood-rotting fungi regularly oxidize phenols 
in woody tissue. 

The resistance of red onions to smudge was found to be due to the 
presence of protocatechuic acid by Angell, Walker, and Link (2, 48, 78). 
A relationship to the quinone analog was not demonstrated. Other natu- 
rally-occurring phenolic analogs including hydroquinone and catechol have 
been associated with disease resistance in plants so detailed studies were 
made of their fungitoxicity by Greathouse and Rigler (31) who confirmed 
and extended earlier observations by Wilcoxon and McCallan (82) on the 
relation of structure to fungicidal activity. 

Bacteriostasis by benzoquinones has been studied extensively by several 
investigators. Oxford (61) found that many benzoquinones related to 
fumigatin (2-hydroxy-3-methoxy-6-methyl-p-benzoquinone from Asper- 
gillus fumigatus) and spinulosin were bacteriostatic for Staphylococcus 
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aureus and Bacterium coli. The substitution of methoxy groups usually 
increased activity and their replacement by hydroxyl groups decreased 
activity. The 3-methoxy, 3,5-dimethoxy, 2,3,5-trimethoxy, 5-hydroxy-3- 
methoxy, and 1,5-dimethoxy derivatives of 6-methyl-p-benzoquinone 
were decidedly more effective than fumigatin while toluquinone and its 
hydroxy-substituted derivatives were decidedly less effective. 

Page and Robinson (62) were able to correlate the bacteriostatic 
effects of several p-benzoquinone and 1,4-naphthoquinone derivatives 
for Staphylococcus aureus, a gram-positive bacterium, with oxidation 
potential. A similar relation did not hold for activity against the gram- 
negative B. coli; so, apparently different mechanisms in the two bacteria 
were affected. 

A free position ortho to the carbonyl grouping was found essential to 
activity against gram-negative bacteria by Geiger (28) who correlated 
bacteriostasis of a dozen hydroquinone analogs to the stability of the 
corresponding semiquinone. In general, hydroquinones were found to be 
more active against gram-positive bacteria. Activity was suppressed by 
addition of a mercaptan to the quinone. Since one equivalent of sulfhydryl 
group was required per mole of quinone and only those quinones with un- 
substituted positions ortho to the carbonyl were active, the evidence 
suggests that addition products are formed by the reaction described by 
Snell and Weissberger (71) and Fieser and Fieser (21). 

The bacteriostatic activity of ten benzoquinones was partially blocked 
by peptone in tests made on Pseudomonas aeruginosa, Escherichia coli, 
and Staphylococcus aureus by Hoffmann-Ostenhof and Fellner-Feldegg 
(35). They found many naphthoquinones to be more active than the benzo- 
quinones and the latter fell more or less in order of descending activity: 
tetrachloro-p-benzoquinone, dichlorothymoquinone, 2,6-dimethoxy-p-ben- 
zoquinone, 3-methoxy-6-methyl-p-benzoquinone, thymoquinone, xyloqui- 
none, 2,5-dichloro-p-benzoquinone, 2,6-dichloro-p-benzoquinone, p-tolu- 
quinone, and p-benzoquinone. These data are in fair agreement with the 
observations on reaction of fungus spores to most of this series. 

The reaction of Planaria gonocephala was found to be considerably dif- 
ferent from that of bacteria by Hoffmann-Ostenhof and his colleagues 
(38) who attributed the differences in activity of compounds to different 
requirements for penetration. Schreier later pointed out (67) that methyl 
groups reduced activity while methoxyl and hydroxyl groups enhanced 
activity against this organism. 

Effect of benzoquinones on enzyme systems. The halogen-substituted 
benzoquinones are more effective than other members of this group in 
inhibiting carboxylase. In descending order of effectiveness according to 
Kuhn and Beinert (45) the compounds were: tetrachloro-p-benzoquinone, 
p-benzoquinone, p-toluquinone, acetamino-p-benzoquinone, 2,5-dimethy]- 
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p-benzoquinone, 2,6-dimethoxy-p-benzoquinone, tetramethyl-p-benzoqui- 
none (duroquinone), fumigatin, tetrahydroxy-p-benzoquinone, and 2,5- 
dihydroxy-3,6-dinitrobenzoquinone. Inhibition at 3.7 X1ro~® ranged from 
94 to o per cent. Hoffmann-Ostenhof and Kriz (41) found about 15 per 
cent inhibition of glucose fermentation at about the same concentration 
of thymoquinone and toluquinone. They also found tetrachloro-p-benzo- 
quinone to be the most active benzoquinone for preventing decarboxyla- 
tion of pyruvic acid. It was followed by 3-methoxy-6-methyl-p-benzoqui- 
none, dichloro-p-benzoquinone, and p-benzoquinone. 

Some benzoquinones inactivate serum cholinesterase and pancreatic 
lipase but others do not. The failure of these sulfhydryl bearing enzymes 
to react with biologically active quinones should be investigated more 
thoroughly according to Hoffmann-Ostenhof ef al. (37) who point out 
that sulfhydryl groups may enter into any one of three types of reactions. 

The lipide formation in yeast (40) may be affected by benzoquinone 
derivatives. A concentration of 1o~* molar of toluquinone or 3-methoxy- 
6-methyl-p-benzoquinone stimulates production. Other enzymes affected 
by benzoquinone derivatives are catalase (36), proteinase (43), and phos- 
phatase (64). In addition to these effects on enzymes, the quinones may 
alter the permeability of yeast and beet cells (39, 42). 


THE NAPHTHOQUINONES 


As a general rule the naphthoquinone compounds are more active than 
benzoquinone derivatives as fungitoxicants, bacteriostats, and enzyme 
inhibitors. Shortly after tetrachloro-p-benzoquinone was introduced as 
an agricultural fungicide, ter Horst and Felix (75) announced that 2,3- 
dichloro-1,4-naphthoquinone was about four to eight times as effective. 
This material, under the trade name of Phygon (formerly Compound 604), 
proved to be an effective seed protectant. In addition it provided excellent 
protection to foliage and fruit when used at concentrations of 1 Ib. or less 
per too gallons of spray mixture. It persisted very well since it was not 
so photolabile as tetrachloro-p-benzoquinone. The efficiency of the material 
is very dependent upon particle size since optimum protection of surface 
areas is obtained from particles of 3 to 5u radius (5, 6, 55). The principal 
difficulties encountered in exploiting the exceptional properties of this 
material (8, 14, 15, 30, 46, 47, 59, 63, 70) have arisen from its tendency 
to be phytotoxic to some crops in some areas and its tendency to cause a 
dermatitis resembling sunburn on some sensitive individuals. 

2,3-Dichloro-1,4-naphthoquinone is one of the more active organic 
fungicides described to date since it classifies as AAA to AA compound on 
glass slides and has an EDg5 value of 80 to 100 p.p.m. against Alternaria 
solani on tomato foliage. It is a very versatile fungicide controlling such 
fungi as Pythium spp. (seed-decay and damping-off of vegetables), 
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Phytophthora infestans (late blight of potatoes), Venturia inaequalis 
(apple scab), Sclerotinia fructicola (brown rot of stone fruits), Colleto- 
trichum lindemuthianum (bean anthracnose), and Gymnosporangium 
juniperi-virginianae (cedar-apple rust), and many others. 

Some of the same general relations between chemical structure and 
fungitoxicity hold in the naphthoquinones as in the benzoquinone series. 
Halogenation improves their effectiveness. For example, 1,4-naphthoqui- 
none is an A compound on glass slides with an EDg5 on tomato foliage 
of about 1000 p.p.m. 2-Chloro-1,4-naphthoquinone is an AA compound 
with an EDgs5 of over 1000 p.p.m. and 2,3-dichloro-1,4-naphthoquinone 
isan AAA compound with an EDg5 of about 100 p.p.m. on tomato foliage. 
The 1,2:naphthoquinone derivatives are about equally fungitoxic since 
the parent material is an A to AA compound with an EDgs5 of about 800 
p.p.m. and the 3-chloro derivative is an AA compound with an EDgs5 by 
more than 2000 p.p.m. 

The naturally-occurring naphthoquinones are fungitoxic. 2-Methyl-1,4- 
naphthoquinone, a compound with vitamin K activity, is an A to AA 
compound with an EDos5 of about 2000 p.p.m. Juglone (5-hydroxy-1,4- 
naphthoquinone) which occurs naturally in walnut shell and bark along 
with the corresponding trihydroxynaphthalene is a potent fungicide as 
reported by Gries (32). It is an AA compound on glass slides and has an 
EDg5 value of tooo p.p.m. Phthiocol (2-methyl-3-hydroxy-1,4-naphtho- 
quinone), a constituent of the tubercle bacillus, is an A compound with 
an EDgs5 greater than 2000 p.p.m. 

Little, Sproston, and Foote (49) found that 2-methoxy-1,4-naphthoqui- 
none, which they isolated from Impatiens balsamina, was highly fungitoxic. 
Several other substituted 1,4-naphthoquinone compounds were more 
active. The descending order of effectiveness was found to be: 2,3-dichloro-, 
2-amino-, 2-mercapto-, unsubstituted, 2-methoxy-, and 2-amino- deriva- 
tives of 1,4-naphthoquinone. Fungitoxicity was so closely correlated with 
ability to inhibit carboxylase that they suggested (24) use of this test for 
screening purposes. Molho and Lacroix (57) noted that 2-methoxy- 
naphthoquinone did not affect growth of Aspergillus niger in Rawlins 
medium but that inhibitors such as 2-methyl-1,4-naphthoquinone and 2- 
chloro-1,4-naphthoquinone antagonized each other sufficiently to prevent 
most of the inhibition. 

Solanione, the purple pigment, from Fusarium solani, interferes with 
fat formation in closely related, non-pigmented fungi such as F. lini (60). 
The substitution of a methyl or hydroxyl group into 1,4-naphthoquinone 
increased the toxic effects of the compounds; so Weiss, Fiore, and Nord 
(79) studied the effect of several naphthoquinones on the growth and 
lipide production from carbohydrates in liquid culture. There was no 
correlation between fungitoxicity and redox potential. The EDso for 
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Saccharomyces cerevisiae in glucose peptone broth ranged from about 
to ® molar for methyl naphthazarin through 2,3-dichloro-1,4-naphtho- 
quinone, phthiocol, naphthazarin, 2-chloro-1,4-naphthoquinone,  1,4- 
naphthoquinone, 2-methyl-1,4-naphthoquinone to ro~4 molar for 2- 
methyl-1,4-naphthoquinone and 1,2-naphthoquinone in tests made by 
Hoffmann-Ostenhof and Fellner-Feldegg (34). 

Effect on bacteria. The naphthoquinones affect the growth and survival 
of bacteria in pure cultures. 2-Methyl-1,4-naphthoquinone (a compound 
having vitamin K activity) will destroy both gram-negative and gram- 
positive bacteria (7) but apparently has a wider spectrum of activity in 
liquid media than on solidified media according to Mulé (58). The activity 
of this compound is attributed to its ability to add sulfhydryl groups in 
the 3-position by Colwell and McCall (7) who noticed that equimolar 
concentrations of thioglycolic acid, ethyl mercaptan, or cysteine hydro- 
chloride neutralized the bacteriostatic activity. The hydroquinone analog 
and other naphthoquinone derivatives are also effective against many 
bacteria (Del Vecchio et al., 11, 12). 

Unsubstituted 1,2-naphthoquinone was more inhibitory than 1,4- 
naphthoquinone for Pseudomonas aeruginosa, Escherichia coli, and 
Staphylococcus aureus on different media in tests made by Hoffmann- 
Ostenhof and Fellner-Feldegg (35). They also found that chlorination 
increased the activity so that 2,3-dichloro-1,4-naphthoquinone, 2-chloro- 
1,4-naphthoquinone, and 2-chloro-3-hydroxy-1,4-naphthoquinone were 
the more active compounds tested while phthiocol, 2-methyl-1,4-naphtho- 
quinone, and methyl naphthazarin were mediocre and much less effective 
than they were against yeast. Various naphthoquinones affect respiration 
and light emission by Photobactertum phosphoreum according to Spruit 
and Schuiling (72). 

Although there is only minor variation between the reactions of bac- 
teria and fungi to naphthoquinone compounds, it might be pointed out 
that the effects on photosynthesis in algae (10, 26, 27, 66) are entirely 
different. The unsubstituted 1,4-naphthoquinone is most inhibitory (66), 
followed in decreasing order by the 2-chloro-, 2-ethyl-, 2-methyl-, 2,3- 
dimethyl-, and 5-hydroxyl- derivatives. 

Effect on animal life. Some of the outstanding research on the relation- 
ship of chemical structure to biological activity in the naphthoquinone 
series was done on malarial parasites by Fieser and his coworkers. The 
more active members against Plasmodium were derivatives of 2-hydroxy- 
t,4-naphthoquinone with alkyl substituents in the 3-position. The length 
of side chain influences the potency of the nucleus (22) apparently by 
affecting solubility. 

The number of carbon atoms in the side chain required for maximum 
activity varied from g for an alkyl group to 15 with a phenylalkyl group. 
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The relationships were found to be directly correlated with solubility dis- 
tribution characteristics between ether and aqueous buffers. The more 
active members in each series had a pE of 10 to 12, which is the pH of a 
buffer that extracts 1/ror part of quinone from an equal volume of ether 
solution (19). 

Some of the compounds that were active in ducks, apparently by pre- 
venting respiration, were relatively inactive in humans. The plasma of 
human beings was found to be much more capable of binding naphtho- 
quinones than that of monkeys, ducks, or chicks (33). The alkyl side chains 
in the 3-position were found by Fieser et al. (20) to be oxidized to secondary 
or tertiary alcohols or carboxylic acids. The first point of attack was in the 
terminal point of the chain. Some of the oxidation products derived from 
feeding human subjects 0.5 to 4.0 g. daily for two weeks were about one- 
tenth as active as the unoxidized starting material. 

Bueding, Peters, and Waite (4) also found proteins to be capable of 
inhibiting derivatives of 1,4-naphthoquinone during the course of studies 
on the effect of 2-methyl-1,4-naphthoquinone on glycolysis of Schistosoma. 
These compounds also affect the velocity and amplitude of nerve reaction 
to electric shock (Torda and Wolff, 77), apparently because of its inhibition 
of choline acetylase at concentrations greater than 1to~> molar (76). A 
heavier concentration is required to affect other enzymes or to interfere 
with acetyl choline. Some naphthoquinones may be degradated to non- 
quinoid substances by oxidation with enzymes of dog liver (23). 

Effect on enzyme systems. In addition to the enzymic degradation and 
effects on cholinesterases mentioned above, the naphthoquinones may 
interact with many enzymes. Hoffmann-Ostenhof and Moser (43) found 
the naphthoquinones were more active than benzoquinones in preventing 
liquefaction of gelatine by yeast proteinase. 

Detailed studies on carboxylase inhibition by Kuhn and Beinert (45) 
showed that derivatives of 1,4- and 1,2-naphthoquinone were equally 
active. Substitution of a chlorine or bromine atom in the 2-position in- 
creased the activity of both naphthoquinones. Methyl or ethyl substitu- 
tion in the 2-position of 1,4-naphthoquinone suppressed activity some- 
what while hydroxyl and methoxyl groups were even more serious. 
Phthiocol and other naphthoquinones with methyl groups in the 3-posi- 
tion and hydroxyl groups in the 2-position were relatively inactive at a 
concentration of 1.5 X10-° molar. Hydroxyl groups substituted in the 5- 
and 8-positions as in juglone and naphthazarin did not suppress activity 
since these materials were more active than naphthoquinone. The 2- 
methyl and 2-hydroxyl derivatives of 5,8-dihydroxy-1,4-naphthoquinone 
were even more active. It was estimated that only seven mols of 2-bromo- 
naphthazarin, the most active member of the series, were required to 
inactivate a mol of carboxylase. 
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The naphthoquinones affect respiration of various types of cells. 
Respiration of algae may be accelerated by 2-methyl-1,4-naphthoquinone 
at concentrations that are inhibitory to photosynthesis (26). Gaffron 
points out that vitamin K may be present to the extent of ro~* molar in 
plants and undoubtedly serves as a catalyst and regulator of cell functions 
such as the adaptation to anaerobic utilization of hydrogen by Scenedesmus. 

Wendel (81) found that the decrease in oxygen uptake caused by 2- 
hydroxy-3-alkyl-naphthoquinones was due to suppression of carbohydrate 
oxidation. Lactic acid accumulates so interference is experienced in con- 
version of lactates to pyruvate. Of 76 compounds tested he found 69 
inhibited respiration at concentrations roughly paralleling their anti- 
plasmodial activity. The seven compounds that did not correlate well 
had aryl groups substituted on the alkyl side chain. 

Oxygen uptake by the succinate oxidase system is blocked by 3 X 107% 
molar concentration of these compounds according to Ball et al. (3). 
Cytochrome oxidase, catalase, pyridine nucleotide systems, and urease 
were unaffected. They concluded that these materials interfere with oxida- 
tion of reduced cytochrome 6 but not with the reduction process. Fieser 
(19) believes that this interference with respiratory processes by the 
2-hydroxy-3-alkyl-naphthoquinones is the mechanism of their antimalarial 
activity even though there is no correlation between their redox potential 
and antiplasmodial activity. There is some sort of union with protein 
constituents but this is not through a primary valence since the quinone 
may be released by alcohol but not by dialysis. 

The lipase activity of molds is affected by naphthoquinones such as 
solanione. Fat production by Fusarium lycopersict and F. solani was in- 
creased by nutritional conditions that changed the intensity of pigmenta- 
tion in experiments conducted by Nord, Fiore, and Weiss (60). Solanione 
does not adversely affect pigmented species of Fusaria such as F. lycopersict 
but Deschamps (13) found that it increased the desaturation of fats in 
non-pigmented species presumably by affecting the hydrogen transport 
system. 

Neither 1,2- nor 1,4-naphthoquinone affected the total lipide content 
of yeast in experiments of Hoffmann-Ostenhof and Kriz (40), but naphtha- 
zarin stimulated production. The proportion of sterols was increased. 

Other enzymes may be affected by naphthoquinone and its derivatives. 
Among these are phosphomonoesterase (44), urease (65), and enzymes 
regulating aerobic glycolysis (4). 


OTHER QUINONES 


The anthraquinones have not proved to be good fungicides. Neither 
have the higher members of the quinone series with more than three 
rings. Apparently very few biologically active members have been found 
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among these higher members of the series since they are mentioned infre- 
quently in the literature (68). 

g,10-Phenanthraquinone, however, is a potent fungicide. It is an AA 
compound on glass slide spore germination tests and has an EDg5 of about 
400 p.p.m. in foliage protection tests with Alternaria solani. Effective con- 
trol of apple scab and other foliage diseases can be secured by application 
of sprays containing 3 to 4 lb. per 100 gallons of water. The high dosage 
rate required for disease control has discouraged its commercial use. 
Retenequinone is relatively non-toxic to fungus spores on glass slides or 
tomato foliage. 


DISCUSSION AND SUMMARY 


Sufficient data are available to demonstrate that the quinones are 
among the more potent and versatile groups of biological chemicals if the 
proper substituents are present in the molecule. Although there are 
exceptions to any broad rules that may be formulated, the following 
generalizations are usually true. 

1. Those materials that are fungitoxic to plant parasites usually exert 
an adverse effect on yeasts and bacteria. 

2. The various quinone nuclei vary in potency from anthraquinone 
<benzoquinone < phenanthraquinone <naphthoquinone but the sub- 
stituents on the nucleus affect their activity so much that the classes 
overlap appreciably. 

3. Halogenation generally improves the fungitoxicity, decreases 
phytotoxicity, and renders the materials less soluble so the halogenated 
members are better qualified for use in agriculture than other members. 
Fungitoxicity and bacteriostasis are usually correlated with extent of 
halogenation and as a general rule Cl>Br>I in any series of analogs. 

4. Hydroxyl and methoxyl groups ortho to the carbonyl groups usually 
increase solubility and phytotoxicity to higher plants. 

5. The substitution of an alkyl group ortho to the carbonyl group 
usually reduces fungitoxicity. 

6. The combination of two alkyl groups, an alkyl group and a hydroxyl 
or alkyloxy group between two carbonyl groups para to each other, de- 
stroys most of the activity for fungi, bacteria and enzyme systems. Such 
combinations where separated as in the 3,5-positions of a benzoquinone 
or removed from position ortho to the carbonyl groups as in 5,8-dihydroxy- 
1,4-naphthoquinone or its 2-methyl derivative do not destroy activity. 

7. In general, p-quinone compounds are only moderately, if at all, 
more active than their ortho analogs. 

The reasons for these relationships have not been fully explored. Not 
enough is known about the solubilizing effects of different substituents 
and the character of cell walls to be penetrated to separate the basic infor- 
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mation into factors affecting penetration and those affecting vital cell 
functions except for the detailed studies on antimalarial naphthoquinones 
by Fieser (19) and his coworkers. 

Although the quinones are primarily characterized by strong oxidation 
potentials, oxidation alone will not explain the effects obtained. p-Benzo- 
quinone with a potential of .7 is not more fungitoxic than 1,4-naphtho- 
quinone, or 9,10-phenanthraquinone with Ep values of .46 but all three 
are more active than 9g,10-anthraquinone with Epo of .154. There is fair 
correlation between bacteriostasis and oxidation potential in some gram- 
positive bacteria but not in gram-negative bacteria, Plasmodium, or fungi. 

One cannot deny the potential stabilizing value of the quinone- 
hydroquinone system in living cells, particularly when they are found so 
commonly in fungi, higher plants, bacteria, and other entities. There is 
every reason to believe that the quinones may serve as part of the terminal 
oxidase system for example in the oxidation (68) of phenylalanine, tyro- 
sine, and other cell constituents. Any disturbance in the cell balance by 
introduction of a highly oxidized compound would upset the normal bal- 
ance of the cell. 

Since no one has attributed a specific role other than vitamin K ac- 
tivity to the quinones in cellular metabolism, there is no good basis for 
postulating that the introduced quinones serve as antimetabolites. There 
is fair evidence in the studies by Woolley (84) and Hoffmann-Ostenhof 
and Fellner-Feldegg (34) that certain halogenated quinones may compete 
with 2-methyl-naphthoquinone in cell functions. Further research along 
this line may reveal a vital function for quinones as was done for p- 
aminobenzoic acid after it was found to be antagonized by sulfanilamide 
drugs. 

The importance of the addition reaction between quinones and sulf- 
hydryl-bearing enzymes has not been fully established because the termi- 
nal products have not been identified. The reaction, undoubtedly, is of 
vital importance because it directly affects both vital syntheses and respira- 
tion. It has been fully established that such reactions do occur (71), the 
activity of quinones is suppressed by equimolar addition of thiol com- 
pounds (7, 28), and quinones containing alkyl mercapto groups ortho to 
the carbonyl group are relatively less active than their unsubstituted 
homologs. Further evidence in support of the hypothesis may be derived 
from the fairly common observation that the substitution of an alkyl, 
or similar stable group, ortho to one of the carbonyl groups reduces ac- 
tivity while substitution of two such groups intermediate between para- 
carbonyl groups practically eliminates fungitoxicity and bacteriostasis. 

Simple addition reactions, however, will not explain all the data avail- 
able. The halogenated quinones are more active against microorganisms 
and react more readily with enzymes than unsubstituted members; so 
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the hypothesis would have to be extended to include substitution reactions. 
Another and more serious discrepancy in the hypothesis is that some 
sulfhydryl-bearing enzymes are not inactivated by quinones which should 
readily form addition products. This may be due to a strong oxidative 
reaction on sulfhydryl groups to produce disulfide linkages as intimated 
by Hoffmann-Ostenhof et al. (37). 

There is enough evidence available to indicate that more than one— 
possibly three—mechanisms of action are involved in the effects of qui- 
nones: binding of enzymes to the quinone nucleus by substitution or addi- 
tion at the double bond, an oxidative effect on sulfhydryl enzymes, or a 
change in redox potential in some subjects such as the gram-positive 
bacteria. 
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CHROMATE COMPLEXES AS FUNGICIDES! 
F. R. WHALEY AND J. B. Harry? 


Normal chromates such as silver chromate (8) and copper chromate 
(4) have been reported as being fungicidal, but they are too phytotoxic 
for practical use as foliage fungicides. The chromate complexes described 
herein differ from the normal chromates in that they are basic and irregu- 
lar in their stoichiometry. They usually involve more than one metal 
(besides chromium) in the complex, and frequently the observed biological 
effect is greater than that predicted from the known toxicity of the 
ingredients. The present report describes the development of some interest- 
ing fungicides from the general class of chromate complexes. 


SOLUBILITY BEHAVIOR OF THE CHROMATE COMPLEXES 


Attempts to determine the solubility of complex basic chromates dis- 
closed that they do not dissolve in water as a unit, but that water acts on 
them to change their composition. Table I shows how the dissolved Cr 


ABW Bel 
RELATION OF SOLUBILITY TO SUSPENSION CONCENTRATION 


Solubility in g. per roo ml. at indicated 
Chromate complex suspension conens. (g./1oo ml.) 
o.1 150) IO 30 50 

Cr {[Cr(VI) 0.0013 0.0066 0.0105 

‘5 \Zn 0.0014 ©.0050 

Fn em BEV ED, 0.0027 O.OI5I 0.0900 0.1950 0.2600 
4 Zn 0.0110 0.0400 

Cu—Zn—Cr Cr(VI) 0.00074 0.00537 


(VI) and Zn in typical basic chromates vary with suspension concentra- 
tion. The solubility of both metals increases with increasing suspension 
concentration but the increase in solubility is not directly proportional to 
the increase in concentration of the suspension, as would be expected of a 
normal material below its saturation concentration. Furthermore, the 
molar ratios of the complex in solution differ from that of the original solid 
and vary with the amount of dilution. This is shown in Table IT. Obviously 


1 Invitational paper presented before the American Chemical Society in Philadelphia, 
Pa., on April 12, 1950. 
2 Union Carbide and Carbon Corporation, New York, N. Y. 
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TABLE II 
Motar Ratio oF ZINC TO CHROMIUM IN SOLID AND SOLUTION 
Molar ratio in solution at indicated 
Complex In orig. solid concn eee en 
I Io 
Zn—Cr 4.04 0.86 0.60 
Zn—Fe—Cr 2.46 0.58 ONG 


the composition of the solid residue differs somewhat from that of the solid 
before the solubility test. While this difference may be ignored in the case 
of a complex of low solubility, in some cases it is sufficient to introduce 
practical difficulties in preparing a desired complex by a process requiring 
a large amount of washing. 

Apparently a true equilibrium is eventually obtained when a given 
amount of the complex is shaken sufficiently in water. Reference to Figure 
t shows the relation between the Cr(VI) solubility and the concentration 


TRIANGLE - ACTUAL CHROMIUM SOLUBILITY FOLLOWING 


3 CONCENTRATION BY EVAPORATION 
DOTTED LINE - EXPECTED CHROMIUM SOLUBILITY IF CHROMIUM 
2b WERE MERELY BEING CONCENTRATED BY 


EVAPORATION 
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FicurE 1. Relation between Cr(VI) solubility and suspension concentration. 


1951] WHALEY & HARRY—CHROMATE COMPLEXES AS FUNGICIDES 377 


of the suspension (solid lines) for two of the complexes. On log-log coordi- 
nates the relation is nearly a straight line over a wide concentration range. 
The circles show the solubilities actually obtained when starting with the 
suspensions indicated on the abscissas. The reversibility of this relation- 
ship was shown by vaccum evaporation of suspensions initially containing 
1 gram of solid per roo milliliters. If the Cr(VI) in solution from the 
original suspension were merely concentrated during the evaporation, its 
solubility should be directly proportional to the suspension concentration 
(dotted line). On the other hand, if the Cr(VI) in solution comes only from 
a normal chromate ina saturated solution, concentration should not change 
its solubility. The actual solubilities determined after vacuum evaporation 
followed neither of these courses, but were found to lie on the respective 
solubility lines for the complexes (triangular points). Thus each complex 
reacts with water reversibly to form a series of hydrolysis products 
having a composition which varies continuously (known as non-Daltonian 
compounds or Berthollides) and in which obedience to stoichiometric 
atomic ratios may be only accidental. 

In determining and comparing the solubilities of a large number of 
experimental complexes it is convenient to select a standard suspension 
concentration. For this purpose in these studies 1 gram of solid per too 
milliliters of water was chosen as the standard suspension. This is equiva- 
lent to about 8.3 pounds per too gallons, or near the maximum that might 
be used in customary spray techniques. In correlating the biological test 
results with the standard Cr(VI) solubilities of several hundred basic 
chromates, it was concluded that at Cr(VI) solubilities under o.ooo1 
gram per 100 milliliters the chromium contributes little or no fungicidal 
action, and above 0.03 gram per 100 milliliters the chromium causes some 
phytotoxicity. 


SYNERGISM OF Cr(VI) WITH Cu(II) AND WITH Zn 


Using the spore-inhibition technique (1,2) the basic chromates were 
tested to determine the effective dose needed to inhibit 50 per cent spore 
germination (EDs50). It was found that once the lower solubility limit is 
exceeded, so that a minimum concentration of dissolved Cr(VI) is avail- 
able, further increase in Cr(VI) solubility has relatively little effect on 
fungicidal action as compared with the effect of the amount of reserve 
Cr(VI) available, expressed as the percentage of CrO; in the complex. 

The EDs50 was determined for each of 15 chromate complexes of suit- 
able solubility containing no other fungicidal component. Since these 
contained varying amounts of other materials, which may be considered 
as vehicles for the CrO3, the ED50 for each was multiplied by its respective 
fraction of CrO; to obtain the dose of CrO; needed to obtain 50 per cent 
spore inhibition independent of the rest of the complex. The average for 
15 chromates tested on four fungus diseases was ED 5o0cr0,;=0.32 where 
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Cr(VI) was the sole fungicidal component present. A similar calculation 
from test results on various copper fungicides devoid of other known 
fungicidal elements showed an average ED5o0cu0 = 3.16. Similarly ED 50zno 
=18.2. In the laboratory tests, therefore, Cr(VI) was more fungicidal 
than either Cu(II) or Zn. 

In case the complex contains both Cr(VI) and Cu(II) (but no 
other fungicidal components) the quantity EDsor is defined as 
K % CrOz+% CuO 


Io0o 
ingredients giving 50 per cent spore inhibition, with the balance of the com- 
plex again considered merely a vehicle. 


CrO CuO 
Let W cro3 — Zo a D eunel Wiig = 76 : 
% CrO3 + % CuO % CrO3 + % CuO 


EDs50 


» which represents the dose of combined toxic 


The W terms represent the proportion of each toxic component relative to 
the total toxic components, irrespective of vehicle. Bliss (3) has shown that 
the most effective joint action of a combination of toxic ingredients, which 
is predictable from their separate effects, is similar joint action. His 
formula applied to the present case is: 


W cro5 W cuo ef if 
ED50cro ED50cuo EDsop 


or 


J CrO3 oe % CuO S % CrO3 + % CuO 
EDs50cr0; EDs50cu0 EDs5or 


Or 


% CrOs re % CuO 100 
O:32 3.16 ¢ EDs50 


The left hand terms depend upon the composition of the complex and 
some previously determined constants. The right hand term is capable of 
direct measurement for any complex. If the observed toxicity is greater 
than that calculated from the left hand terms, the toxicity is greater than 
additive and synergism is in evidence. 

Table III shows 21 copper chromate complexes listed in order of in- 
creasing Woro,. The difference between the observed and calculated toxic- 
ity is given in the next to the last column. In the last column rank num- 
bers are assigned to the differences (without regard to algebraic sign), and 
the rank numbers are given the same sign as the differences to which they 
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TABLE III 


DATA SHOWING SYNERGISM OF CHROMATES WITH COPPER AS CALCULATED BY 
MeErtTHOpD oF BLIss 


ng 


Wero; Weuo Difference Rank 
oe oe Sum Wero; Wow —————— EDsor 
: : O82 2.0 SS = = os 
Calcd. Observed 
Sa NOR “ote Woy Kagivisy Koa Roney? | einyys Wy CA) 7 
Eee A? S58) 5 eeCn2Os 04702) On05) (On 25) O50 6 2)86)5 1.66 
Pte mS On Oo22 2 lO. 7 7O MO) 708 O12 5 ORS Na a4 4 mee LAO 
2Gnze OAC Teo. S FOL226 6.O 770K .On7 50 0),24) 20.00 Fer aQo | 10.07 
Bea a5 ey e204 Oc 05OnO 3 OL 23am 1 OOM ulin gs San Or 27 4 
Dowco Ges A On 20 10.720) On OS O29) 8 eT TT) e500, | 93100) 
25-5) On ge O02) 02205) 047048 /0.-02)0.22  Ist4) 1e82) (0-68 
PSOne es OLGMMOO. 7m On SOTO) OS0mN Lai) (O./20) was IT.04 = 26 5 
Bose Se S252 OnAAA 0.550 QO Gauss ALG DeGyh — -irBH 
POP OmEs 2 hee 50 28 Old hme Onc4O | 8h. 41) (Ont 7 © olins Ol 178) ™ O20 3 
BOaveS0. Ole OS O45 5. 0.545 Inge ONAN! — he OY en ct = 5 =i 
ROs2 4201570. (Or458 Ons4e suovieR Casey 1.60 TA =a = 
Sota ts ea On 7 OLA S2= Os51G Des ie O10) | 0.07 AnOOs) 62233 
Shee eo Oe sOL 7m On51OMm O74 O48 ch Ole Outs | wia70) 93.000 ef. 24 
Bont 204 50/0, 010.533° O.407, esa Ons) TD eX) eS 
AZE eee On F7is2 | 0.5470 6.455 Ee On LALO 5 i age yl —8 
GeO a 2 Boe 52. ten 00!, 110;.A'0 TOO On Lame Ole ate T Q.00 
Basa ze  SOEG Gt) 6. 30, TOL On 2 2.03 2S O ly ZO 6 
BieS USSD AVjeee ISOS estes Ap Cate) Aap ah a 
S256 26.0 -A7-0e-02700) 02205 222 OOO Ml Teno. 18 
30.2 VA AOL GE OnoA2e OnT5a0§ 2.03). 0705 2RO SME ET OOmNEn Ta 
T=-—16 


For significance at P=o.01, T must be under 43. 


correspond. Wilcoxon’s (10) statistical 7 test for significance is then ap- 
plied. The sum of the negative rank numbers is considerably under 43, 
which is the 7 value corresponding to P=o.o1 with 21 replicates. This 
means the evidence for synergism is very definite; the probability of such 
results occurring by chance is less than o.o1. 

Table IV shows similar data for zinc chromates. The data are insuffi- 


TABI aL 
SYNERGISM OF CHROMATES WITH ZINC 


I 


W CrOg Wz nO 


CrO;, L2; Sum Wero; Wano EDsor 
g a Ong? moved 


Caled. Observed 


EO 7O 87.9 0.20 0.80 0.63 0.04 O07 i owl 
20 67.3 87.3 (oh, 733} Ong Oo. 72 0.04 0.76 3.00 
14.6 29.0 43.6 0.34 0.66 1.06 0.04 I.10 D4) 
E52 ROn2 65.2 0.23 O77 O72 0.04 0.70 2.40 
L520 50.4 66.0 0.24 0.76 0.75 0.04 On70 eS 
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cient to apply the Wilcoxon statistical test, but synergism again appears to 


qT . 
be quite definite. The toxicity € ) of both copper and zinc chro- 


Dsor 
mates are plotted on log-log coordinates in Figure 2. The solid lines show 
the toxicity calculated from similar joint action and the circles show the 
values actually obtained. 


SOLID LINE = SIMILAR JOINT ACTION 
e = OBSERVED VALUES 


foc eS 
EDSO_ 


ZINC CHROMATES 


10 O5 eC ser 0 050 03) 102 
one 


FiGurRE 2. The fungitoxicity of chromates containing copper and zinc. 


RESULTSLOR BARDY SPIE ED TESS 


The encouraging laboratory results were next confirmed in a qualitative 
sense in greenhouse tests and finally an extensive field-test program was 
inaugurated. Field tests were conducted over a period of years on potatoes 
(Solanum tuberosum L.) for control of late blight and early blight. The 
chromate complexes were compared with Bordeaux mixture (8-8-100, 8 lb. 
of CuSO,:5H2O and 8 lb. of lime per too gal.) and several representative 
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fixed coppers containing at least 50 per cent copper. Usually a representa- 
tive of the dithiocarbamates was also included. These tests revealed that in 
blight control the chromates without copper are not so effective as Bor- 
deaux, a result which contradicted the laboratory results. Basic copper 
chromate complexes, however, are better in blight control than Bordeaux, 
thus confirming the synergism found in laboratory tests. Several types of 
chromates appeared promising in these tests with respect to both fungus 
and insect control, with a copper-zinc chromate (No. 169) emerging in 
1946 as equal to or superior to commercial treatments. Part of these data 
are summarized in Table V. In order to repel insects as well as Bordeaux 


TABLE V 


YIELD INCREASE OF POTATOES SPRAYED WITH THREE DIFFERENT 
FUNGICIDES, WITH AND WitHOUT DDT 


Yield in per cent of check 
Without DDT With DDT 


Fungicide 


State College, Pa. and Huttonsville, W. Va., 1946 


Bordeaux, 8-8-100 152 168 

Nabam,* 2 qt. per 100 gal. I4I 173 

169, 6 Ib. per too gal. 167 Not tested 
Belle Glade, Fla., 1945 

Fixed copper, 4 lb. per too gal. 128 IAI 

Nabam,* 2 qt. per 100 gal. 137 156 

169, 5-5 lb. per 100 gal. 147 ES2 
State College, Pa., 1946 

Fixed copper, 4 lb. per 100 gal. 132 147 

9, Basic copper chromate, 2 lb. per roo gal. Not tested 132 

169, 6 Ib. per 100 gal. 142 Not tested 


* Sodium ethylenebisdithiocarbamate, used with zinc sulfate. 


mixture, 169 was developed with a high zinc oxide content (5). In the ab- 
sence of DDT, 169 compared very favorably with commercial products, 
but evidence from nationwide tests indicated that DDT would be ac- 
cepted as a standard potato insecticide to be used in conjunction with a 
fungicide. For this reason the high zinc oxide content of 169 appeared to be 
no longer necessary. A basic copper chromate (No. g) was inferior to cop- 
per-zinc chromate in blight control (DDT present with No. 9) showing 
that some zinc oxide was necessary in the complex to give the best fungi- 
cidal results irrespective of its insect-repellent properties. This serves as 
field confirmation of the zinc-chromium synergism found in laboratory 
eeSuSs 


DEVELOPMENT OF COPPER-ZINC CHROMATES 


Several copper-zinc chromates were prepared. The compositions in 
mole fractions of the principal ingredients are shown in Figure 3 for com- 
pounds 169, 658 and 640, as well as for basic copper chromate g and basic 
zinc chromate 181. The compositions are also shown in the first column of 
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FicureE 3. Mole fraction of copper, zinc, and chromium in copper-zinc chromates. 
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pattern for basic zinc chromate and copper-zinc chromate 
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TABLE VI 


YIELD AND DISEASE CONTROL OF POTATOES SPRAYED WITH Four DIFFERENT 
FUNGICIDES AND DDT, FLA. 1947 


4 Yield, Late blight, | Early blight, 
Fungicide Ib. per % leaves % spotted 
plot killed leaves 
169, 4 lb. per 100 gal. 62 15 Trace 
658, 2 lb. per 100 gal. 65 10 Trace 
Fixed copper, 5 lb. per 100 gal. 56 15 10 
Zineb,* 2 lb. per roo gal. 61 25 15 


* Zineb is zinc ethylenebisdithiocarbamate. 


Figure 4 which gives a diagrammatic partial X-ray pattern for each. The 
principal diffraction lines corresponding to interplanar distances d are 
displaced on replacing zinc with copper, but the basic pattern remains the 
same, even with 80 per cent replacement as in 640. At go per cent replace- 
ment the pattern of basic copper chromate g is superimposed on the pattern 
of copper-zinc chromate. Both 658 and 640 were tested in the field, and 658 
was believed to be better. The 1947 Florida field tests are summarized in 
Table VI where 658 at 2 pounds per roo gallons is equivalent to 169 at 
4 pounds per 100 gallons and both are better than two standard fungicides. 

The copper-zinc chromates were tested more extensively in the summer 
of 1947 as shown in Table VII. In five of the six tests, the copper-zinc 
chromate was superior to the average of the two standard fungicides used 
for comparison. Since 658 gave satisfactory performance at half the dosage 
of 169, the former was chosen for further development. 

The 1948 and 1949 tests were on a still wider scale, but due to very low 
disease potential, average comparisons are not very reliable. In areas where 
some disease was observed, 658 maintained its position as a superior po- 
tato fungicide. 

Some interesting dust residue tests were made in Ohio comparing 658 
dust (6 per cent 658, 6 per cent DDT, 88 per cent talc) with a fixed copper 
fungicide (10 per cent fixed copper, 6 per cent DDT and 84 per cent talc). 


TABLE VII 


PER CENT YIELDS OF POTATOES SPRAYED WITH THREE DIFFERENT 
FUNGICIDES WITH DDT IN S1tx AREAS 


Yields as per cent of check yield 


Fungicide = : : 

Pei, i arene Wr ae Onion re OD1Oe 2s Ohioes Av. 
Bordeaux 130 112 04 125 135 127 121 
Nabam* 139 121 85 134 148 132 127 
Cu—Zn—Cr Tee Tenet Toda 146 160f T2571 132 


* Sodium ethylenebisdithiocarbamate, 2 qt. per roo gallons plus zinc sulfate. 
** 658, 2 lb. per 100 gal. 
t 169, 4 lb. per 100 gal. 
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The fixed copper contains 53 per cent copper, while 658 contains 30 per 
cent copper. Each formulation was applied at 50 pounds per acre. Shortly 
after each application, leaf samples were analyzed for copper, and the re- 
sults in milligrams of metallic copper per 20 g. of leaves were recorded as 
deposit. Just before the next application, similar samples were analyzed for 
copper and recorded as residue. These were averaged over the season for 
two areas to give the values shown in Table VIII. The ratio of average 


TABLE VIII 
PERSISTENCE OF COPPER ON LEAVES DUSTED WITH 658 OR FIXED COPPER 


Mg. Cu per 20 g. leaves* 
Lb. Cu per 
Dust ; 
acre ; : ‘ residue 
Deposit Residue __|Tenacity, depose 
658, 6% ©.90 2.34 0.58 . Ons 
Fixed Cu, 10% 2.65 QeOu git 0.28 


* Seasonal average of tests in two areas. 


residue to average deposit is defined as tenacity. The tenacities appear to 
be in the same order of magnitude. The copper deposited by the fixed cop- 
per is obviously greater than that deposited by 658, but not as much 
greater as would be expected from the higher copper content and higher 
dosage of the fixed copper. 

The data may be expressed in another form to show the relative tend- 
ency of the two materials to build and maintain a deposit on the foliage. 
Equating to unity the copper applied on a given area as fixed copper, the 
copper applied on the same area as 658 would be 0.34 (from the product 
analyses and dosages). However, the ratios of the copper actually de- 
posited as 658 to that deposited as fixed copper is 0.66. This shows that 658 
tends to build better deposits at the time of dusting than does the fixed 
copper fungicide. The copper in the residue is also relatively greater for 658 
than for the fixed-copper fungicide after weathering, 0.52. 


OTHER COMPLEX CHROMATE FUNGICIDES 


A calcium-cadmium-copper-zinc chromate 531 has been developed as a 
turf fungicide, which is particularly effective in the control of dollar spot 
on bent grasses (9). In spite of the imposing number of active components, 
evidence supports the view that this is a chemical complex rather than a 
mixture of oxides, hydroxides, or salts. Part of this evidence is based on 
X-ray studies of the components and intermediate products as shown dia- 
grammatically in Figure 5. An X-ray spectrometer equipped with a 
Geiger counter was used to determine the diffraction angles of the diffrac- 
tion lines over the range indicated. The heights of the vertical lines are 
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proportional to the heights of the peaks in the respective spectrometer 
charts. Such a pattern serves as a thumb-print to identify crystalline ma- 
terials alone or in mixtures. The principal diffraction lines of the ingredients 
are shown first. Pattern A shows the pattern of the yellow-brown reaction 
product of cadmium oxide and chromic acid. Patterns B and C show the 
intermediate products after copper sulfate pentahydrate and zinc oxide are 
added, respectively. At this point the intermediate is rather dark brown. 
After the addition of lime the color changes through gray-green and olive- 


20 eames 26 28 30 32 34 36 38 40 42 44 46 46 SO S22 4 


ri ela 
Pee 
= a Tf 
—- pe) Lt 


A- REACTION PRODUCT OF CoO AND CaO, 

B- REACTION PRODUCT OF C00, CrOj; AND CuSO,: 5H30 

C- REACTION PRODUCT OF CoO; CArO,;CuSO,-5H,0; AND ZnO 

D- REACTION PRODUCT OF CoO; CrO3;CUSO,-5H30, ZNO; Ca(OH), - 53! FUNGICIDE 


E- MIXTURE OF CDO; CAQ,; CuSQ,-5H,0,; ZNO; CA(OH)> 


FicureE 5. Diagrammatic representation of the X-ray patterns of the ingredients of 
the calcium-cadmium-copper-zine chromate complex before and after reaction. 


green to yellow-green, the color of the final product (Pattern D). It will be 
noted that the X-ray pattern of the final product is as unlike that of the 
ingredients and intermediates as is its color. None of the principal lines of 
ingredients or intermediates appear in the pattern of the product. Pattern 
E is obtained from a mixture of the reactants which had been previously 
ground separately. In an attempt to avoid reaction, dry materials were 
mixed without grinding before the X-ray pattern was made. In spite of 
these precautions, some reaction evidently occurred, as is evidenced by 
the appearance of the product line at 20=12 and the disappearance of lines 
from the components except those of lime. 

A mercury-zine chromate has lately shown promise as a seed treatment 
particularly on corn (6, 7). In some demonstration plots in Iowa it gave 
considerably larger yields than commercial treatments. The entire series of 
mercury-zinc chromates appears to be similar to other series studied in that 
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a gradation of properties results from a gradation of composition and 
within certain composition limits non-Daltonian compounds or Berthol- 
lides exist. 

In general the complex basic chromates are easy to handle and non- 
corrosive to containers and spraying equipment. They comprise a class of 
materials interesting not only for their biological action but also for their 
physical and chemical properties. 

Two of the fungicides described herein, a potato fungicide (658) and a 
turf fungicide (531), are being produced commercially under the Crag 
trade-name and others are receiving extensive field tests. These materials 
are examples of synthetic inorganic materials which take their places 
alongside the excellent synthetic organic fungicides developed during the 
past few years, and serve to illustrate the role which may be played by new 
and unusual inorganic compounds in the field of agricultural chemicals. 
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GERMINATION OF SEEDS OF JUNIPERUS VIRGINIANA L.’ 
LELA V. BARTON | | 


Juniperus virginiana L. is one of the most valuable forest trees in the 
United States. The reforestation program of much badly depleted forest 
land has been seriously hampered because of the difficulty and cost in- 
volved in producing seedlings and in transplanting them to the forest. 

It has been reported (1, 3, 4, 5, 6, 7; 8) that low temperature pretreat- 
ment (stratification) is necessary for germination of the seeds. Some of the 
investigators have also indicated that part of the difficulty is due to the 
seed coat. Chadwick (3) removed the waxy coats by soaking several hours 
in alcohol or by warm water treatment, while Webster and Ratliffe (8) 
soaked the seeds for 20 minutes in luke-warm sodium-lye solution before 
stratifying them at low temperatures. Parker (7) found that scarification 
of the seeds resulted in earlier germination but did not increase final 
germination. : ai | 

In addition to the stratification requirement of these seeds, they must 
have a fairly low temperature for the germination process itself. Chadwick 
(3) states that germination after stratification is best at 50° to 55° F., and 
that it is considerably retarded at temperatures above 65° to 70° F. Pack 
(6) also noted that after-ripened seed should be planted at a temperature 
below 15° C. (59° F.). 

The seeds, one to three each, are borne in a berry-like fruit formed of 
fleshy coalescent scales of the fertile catkins. The pulp and skin of these 
fruits have been reported to reduce germination. Afanasiev and Cress (1) 
found that stratification of seed without removing the pulp hindered after- 
ripening and that germination of such seed after three months of strati- 
fication was only ro per cent as compared with 30 per cent for seed cleaned 
prior to stratification. 

In spite of the work which has been done on the germination of red 
cedar, nurserymen experience difficulty in producing seedlings. In practice, 
only a few seeds germinate the first year. Most of them germinate the 
second year after planting, and some the third year. There is need for 
more experimental work to determine how to treat the seeds so that they 
will germinate in a predictable and uniform manner. Furthermore, this 
treatment should require a short time so as to enable one to reseed within 
the year in case of germination failure, thus ensuring a constant supply 
of seedlings for planting projects and reforestation programs. If possible, 
also, planting of berries is desirable, thus eliminating the difficult and ex- 
pensive task of cleaning the seeds. The present tests were undertaken in 
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an effort to determine more specifically the germination requirements of 
these seeds, with the hope that such studies would lead to a simplified, 
satisfactory method of seedling production on a large scale. 


MATERIAL AND METHODS 


Berries and seeds used for the tests were collected near Anselmo, Neb. 
during December 1948 and were furnished through the courtesy of Mr. 
RIK Smith, Forest Supervisor, Nebraska National Forest, Halsey, Neb., 
at whose suggestion the present investigation was undertaken. 

Many of the seeds were small and empty. Consequently, all clean seeds 
were sieved and the smallest ones removed before starting germination 
tests. Four lots of too seeds each of the sieved seeds were cut open to 
determine whether they were filled with apparently healthy embryo and 
endosperm. These lots were found to contain 82, 77, 87, and 82 per cent, 
with an average of 82 per cent filled seeds. Three lots of 25 embryos each 
were excised and placed on moist filter paper in the laboratory for viability 
tests. After five days, 76 per cent of them appeared firm and good, the 
remainder being soft and discolored. Thus the germination to be expected 
from the lot of cleaned seeds was about 62 per cent. 

Germination tests were also made using berries. Three lots of 50 berries 
each were found to contain 94, 99, and 95 seeds. Twenty-six per cent of 
these seeds were empty. Because the small seeds could not be screened out 
in this case, as for the clean seeds, a somewhat smaller percentage ger- 
mination could be expected. 

Both berries and seeds were planted in soil directly and after pretreat- 
ment in various ways. The soil mixture used was composed of sod soil, 
sand, and granulated peat moss in equal parts. When outside temperatures 
permitted, the temperature of the greenhouse was kept at 20° C. 


RESULTS AND DISCUSSION 


Temperature requirement for germination. Two hundred seeds each were 
mixed with moist granulated peat moss and placed at constant tempera- 
tures of 15°, 20°, 25°, and 30° C., and daily alternating temperatures (5 
days each week) of 10° to 20°,.10° to 30°, 15° to 30°, and 20° to 30..6™ 
where 3, I, 0, 0, 3, 10, 7, and o per cent germination respectively was 
secured, during a period of four and one-half months. This confirmed the 
relatively low temperature required for germination of these seeds and 
emphasized the need for pretreatment for complete germination. 

_ Pretreatment. Some seeds are known to possess an impermeable coat 
together with a dormant embryo. One of the best known ways to break the 
dormancy of temperate-zone seeds is to give them a period in a moist 
medium at low temperature (stratification) before planting. The after- 
ripening necessary to break the dormancy takes place only after the seeds 
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have imbibed water. Thus, if there is an impermeable seed coat, it must be 
made permeable before the low temperature treatment will be effective. 
This fact, coupled with favorable effects of seed coat treatments of 
Juniperus obtained by other workers (3, 7, 8), determined our line of 
attack on the problem. 

The use of concentrated sulphuric acid to remove hard coat effects is 
well known. Also, it has been demonstrated that a period at high tempera- 
ture in a moist medium is effective in rendering seed coats permeable (2). 


TABLE AT 


EFFECT OF PRETREATMENT OF JUNIPERUS VIRGINIANA SEEDS IN Moist GRANULATED 
PrEat Moss ON SEEDLING PRODUCTION IN SOIL IN THE GREENHOUSE. 
2X100 SEEDS EACH 


Pretreatment Per cent seedling production after 
storage at low temperature 
Sulphuric | Weeks at Low temp., 
acid 25° es eres HG 19910) 2 mo. 3 mo. 
I fo) 3 II 
None None 5 ° 17 34 
10 ° I 2 
: a 47 
None 2 5 2 28 58 
10 fo) 2 
| 
I ° 24 59 
None 4 5 4 53 at 
10 ° ° ° 
I I 15 43 
None 8 5 54 76 
Io ue r I 
| 

| I I 17 34 
30 min. None | 5 2 BG 63 
IO 2 fo) I 


This latter method seemed more promising from a practical point of view 
and hence was investigated in greater detail. Some of the results are shown 
in Table I. Clean seeds were used for these tests. For the pretreatment at 
both high and low temperatures the seeds were held in moist granulated 
peat moss at controlled temperatures. After the pretreatment period, 
samples were planted in soil in the greenhouse. Intact seeds were given 
0, 2, 4, 8, and 16 weeks at 25° C. preceding 1, 2, 3, and 4 months at 1°, 5°, 
10°, and 15° C. The data for 16 weeks at 25° C. and: 4 months at 1°, 5°; 
and 1o° C. have been omitted because they show no advantage over 
shorter periods at the same temperatures. Fifteen degrees C. was totally 
ineffective as an after-ripening temperature and so does not appear in the 
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table: One lot of seeds soaked in concentrated sulphuric acid for 30 minutes 
and receiving no high temperature pretreatment is also included in Table 
I. Untreated controls gave no germination in soil in the greenhouse. 

Up to 34 per cent germination was obtained after three months at 5° C. 
without preceding exposure to 25° C. This figure corresponds approxi- 
mately to that most often found in the literature and probably represents 
the limit of germination from seeds so treated. This means that the seed 
coats vary in degree of impermeability. Certain of them permit water 
absorption and allow after-ripening to proceed at the low temperature. 
Others require some treatment before the low temperature can have any 
effect. It will be noted that as short a time as two weeks at 25° C. had 
sufficient effect on the seed coats to increase seedling production after a 
subsequent period of three months at 5° C. from 34 to 58 per cent. An 
extension of the time at 25° C. to four or eight weeks further increased 
germination to 77 and 76 per cent, respectively. From the observations on 
the number of filled seeds and the viable embryos in the lot described 
above, this represents complete germination. One degree C. was less effec- 
tive than 5° C. for after-ripening and 10° C. was totally ineffective. It 
should be kept in mind that the figures in Table I represent actual seedling 
production in a greenhouse with a minimum temperature of 20° C. The 
seed samples were planted in the greenhouse from March 3 to June 30. 
For example, seeds receiving four weeks at 25° C. followed by three months 
at 5° C. were planted in the greenhouse on June 3, and those receiving 
eight weeks at 25° C. followed by three months at 5° C. were planted in 
the greenhouse on June 30. This means, then, that with the proper pre- 
treatment seeds will germinate to form good seedlings at temperatures 
found by many, including this laboratory, to completely inhibit germina- 
tion of untreated seeds. This alone is of great practical value. A longer 
period than three months at 5° C. is not feasible, for germination begins 
at the low temperature itself about that time, and young seedlings are apt 
to be injured in planting. 

That a period at 25° C. functions by removing impermeable coat effects 
is shown by the successful replacement of such a period by the use of con- 
centrated sulphuric acid (Table I). Complete germination is secured after 
three months at 5° C. provided the seeds were soaked for 30 minutes in 
concentrated sulphuric acid before placing in moist granulated peat moss.’ 
The volume of acid should be about three times that of the seeds used. At 
the end-of the soaking period, the acid should be drained from the seeds 
which should then be plunged immediately into a large amount of cold 
water to prevent heating. They should then be washed thoroughly in 
running water, and preferably rubbed gently to remove some of the 
carbonized surface and any remaining acid before placing in the germina- 
tion medium. Sulphuric acid treatment saves the two to eight weeks at 
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25° C. required to produce the same results, but the latter method is 
easier and safer for the ordinary person. The soaking time in the acid can 
be extended to one hour without damage to the seeds. 

Direct seeding in soil. Nurserymen and foresters are interested in a 
method for direct seeding of Juniperus. Also, the use of berries instead of 
clean seeds for planting would mean a considerable saving of time and 
money. With these objectives in mind, both berries and cleaned seeds, 
with and without sulphuric acid treatment, were planted in soil in flats. 
Sample flats were kept in the greenhouse for o, 1, 2, and 4 months before 
transferring to a 5° C. room for 1, 2, 3, and 4 months. After the period at 
5° C. the flats were again placed in the greenhouse where seedlings ap- 
peared (Table II). 


ADANIBILIS, HL 


SEEDLING PRODUCTION IN THE GREENHOUSE FROM JUNIPERUS VIRGINIANA SEEDS 
GIVEN SPECIAL TEMPERATURE TREATMENT AFTER PLANTING IN SOIL IN FLATs. 
2X50 BERRIES; 2X 100 SEEDS 


Months in Per cent* seedling production after 
greenhouse months at 5° C. 
preceding 
[period at 5° C. I 2 B 4 
None ) 3 8 10 
: I I 14 247 32 
Berries ‘ z a6 34 a 
4 3 18 49 48 
None fo) 19 48 46 
I 6 36 68 57 
Seeds 2 14 36 68 71 
| 4 7 30 64 64 
Seeds in H»SO, for 30 min. None & 56 73 69 


* For berries the actual numbers of seedlings produced, rather than per cent, are given. 


Again, very satisfactory germination of clean seeds was secured when 
the flats received 1, 2, or 4 months at greenhouse temperature followed by 
at least three months at 5° C., and again sulphuric acid treatment re- 
placed the need for the initial period at high temperature. Seeds in the 
berries responded to the same sort of treatment as clean seeds. Since ex- 
amination of the berries showed that too of them contained approximately 
192 seeds, and that only 56 per cent of these could be expected to germi- 
nate, about 108 seedlings would be the maximum which could be expected. 
Table II shows less than half that number for the most favorable condi- 
tions. 

Although the effectiveness of pretreatment methods have just been 
shown for soil plantings, temperatures were still imposed under controlled 
conditions, i.e. greenhouse and 5° C. room, which would not be available 


302 CONTRIBUTIONS FROM BOYCE THOMPSON INSTITUTE _ [VoL. 16 


for most people. For smaller lots of seeds, of course, it would be possible 
to plant in flats which should be watered and kept in any warm place for 
two to eight weeks and then transferred out-of-doors under conditions 
which would give at least three months of 1° to 5° C. With this procedure 
seedlings could be obtained the first spring after harvest of the seeds. 
Effect of time of planting out-of-doors. The ideal planting condition from 
a practical point of view, would be direct seeding in the nursery or field. 
This can be secured very easily in a region with the climate of Yonkers, 
N. Y., as is shown in Table III. Plantings of both clean seeds and berries 


SANS ea 


SEEDLING PRODUCTION FROM JUNIPERUS VIRGINIANA SEEDS PLANTED IN SOIL IN 
FLats Kept IN A BOARD-COVERED FRAME 


Seeds Berries 
: Per cent seedling No. of seedlings 
Planting date production (4X roo seeds) (4X50 berries) 
1950 1g5t 1950 1951 
July 5 44 == 121 = 
Aug. 4 51 == 106 — 
1949 Sept. 7 42 = 56 == 
Oct. 6 32 — 26 — 
Nov. 4 12 20° ° 24 
Dec. 5 33 65 DP 164 
eine A 23 56 Io 107 
Feb. 3 2 37 ik wie 
1950 Mar. 3 — Toa — 107 
April 4 = 50 = 124 
May 4 = 49 = I14 
June 5 sass 57 = 199 


* 2100 Seeds only. 


** Chipmunks ate some of the seeds. 


were made each month throughout a year in the soil mixture described 
above. Duplicate flats with duplicates of 100 seeds or 50 berries each were 
used. After planting, the flats were placed in a cold frame, protected by a 
board cover during the winter months. 

Satisfactory seedling stands were secured the first spring after plantings 
made from April 4 to September 7 inclusive. Very few additional seedlings 
can be expected the second spring from such plantings. On the other hand, 
seeding as late as October 6 to March 3 resulted in limited seedling pro- 
duction the first spring, but additional seedlings appeared the second 
spring. These effects were predictable on the basis of the experimental 
results described above. When an insufficient amount of warm weather 
follows planting, the cold of the winter after-ripens only those seeds with 
permeable coats, usually a small percentage of the entire lot. Another 
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summer is then required for making the coats permeable before the winter 
temperatures can after-ripen the embryo. When, on the other hand, 
plantings are made to ensure four to eight weeks of warm temperature, 
which permits the soil micro-organisms to render all seed coats permeable, 
after-ripening of all seeds can be effected the following winter. It should 
not be overlooked that a winter temperature of at least 5° C. is necessary 
for breaking the dormancy of the embryos after the coats have been made 
permeable. Also, it should be emphasized that 1° C. is less effective than 
5° C. If possible the ground in which the seeds are planted should not be 
allowed to freeze. If it is necessary to store the seeds for a considerable 
length of time before planting, they should be kept at low temperature, 
preferably below freezing. Some germination failures may be due to loss of 
viability before planting. Detailed data on the keeping quality of Juniperus 
seeds are not available. 


SUMMARY 


Seeds of Juniperus virginiana possess dormant embryos which require 
a period of three months at 5° C. to after-ripen. One degree C. is less effec- 
tive, and 10° C. is totally ineffective. Failure to obtain complete germina- 
tion after optimum low temperature treatment is due to the presence of 
impermeable coats in a large percentage of the seeds. Seed coats may be 
made permeable by exposure to moisture at a temperature of approxi- 
mately 25° C. for two to eight weeks, or by soaking for 30 minutes in con- 
centrated sulphuric acid. Seed coat treatment should be given before the 
seeds are placed at low temperature for breaking the dormancy of the 
embryos. 

Spring or summer planting out-of-doors in regions which have low win- 
ter temperatures results in complete seedling production the following 
spring. 
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VIRUS DISEASES OF TOBACCO MOSAIC AND POTATO 
YELLOW DWARF NOT CONTROLLED BY CERTAIN 
PURIFIED ANTIBIOTICS 


HELEN PurpDy BEALE AND CAROLYN R. JONES 


INTRODUCTION 


Few claims can be made at present for any appreciable degree of suc- 
cess in the antibiotic therapy of diseases caused by the smaller or ‘‘true”’ 
viruses (1, 6, 12). Leben and Fulton (10) in a preliminary account have 
reported an inhibition in symptom expression of two plant viruses at- 
tributable to the presence of various chemicals, of which two are anti- 
biotics, namely, streptothrycin hydrochloride and terramycin hydro- 
chloride in a concentration of 1000 p.p.m. Six other antibiotics, antimycin 
A, bacitracin, chloramphenicol, neomycin, penicillin G (K salt) and strep- 
tomycin sulfate, were also tested by these investigators with negative 
results. Another report (4) states that streptomycin did not inhibit the 
development of typical symptoms of tobacco-mosaic disease in either 
Turkish tobacco, Nicotiana tabacum L., a Turkish variety, or N. glutinosa 
L. Earlier research on the subject of antibiosis in plant viruses has already 
been reviewed by the senior author (13) and will not be repeated in this 
paper except to note the publication of an article in full, available for 
review only in abstract form (Gupta and Price, 7). 

The authors of the present article made tests for the control of two of 
the smaller viruses, those of tobacco mosaic and potato yellow dwarf with 
the purified antibiotics, penicillin, streptomycin, chloramphenicol (chloro- 
mycetin), aureomycin, and terramycin. The results of these tests already 
have been reported (13, p. 257) as negative. Tobacco-mosaic virus, one 
of the most stable plant viruses, was selected because it has been studied 
so widely that various techniques have been developed which facilitate 
its handling. Many independent and varying estimates of the length of 
this rod-shaped virus have been made, employing a number of different 
physical methods. The dimensions obtained most frequently by different 
investigators agree fairly well with those published in 1950 by Knight (9) 
and based upon an electron microscopic examination, whereby a width of 
15 and a length of 300 millimicrons is reported. Potato yellow dwarf, a 
labile, leafhopper-borne virus, capable of mechanical transmission to In- 
dian tobacco (Nicotiana rustica L.) with the aid of abrasives, was chosen 
because of its larger size. Measurements made on the particle size by 
Brakke, Black, and Wyckoff (3) indicate that it is sphere-like with a 
diameter of 110 millimicrons and has a sedimentation constant of 1130 
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Svedberg units, which as Black (2, p. 220) states, ‘... probably is the 
largest plant virus studied in the ultracentrifuge up to the present time.” 
The virus is readily filterable through Berkefeld filters, N. and W. 


PRELIMINARY EXPERIMENTS 


Before deciding upon the most effective method to adopt for testing 
the antibiotics for the control of these virus diseases, some preliminary 
tests were made. 

Detached leaves of NV. glutinosa, a local-lesion host of tobacco-mosaic 
virus, were placed in beakers with their petioles immersed in a solution of 
terramycin containing 100 p.p.m., or in tap water as a control. The leaves 
of different plants were equally distributed among four beakers and one 
set each of treated and untreated leaves was held in the dark and the cor- 
responding sets, in the light. The leaves were inoculated with virus just 
prior to detachment from the plant, and no inhibition of virus multiplica- 
tion occurred in any of the four sets. 

A single futile attempt was made to cure a diseased plant after the virus 
had become established. The tip of a mosaic-diseased tobacco plant was 
excised and immersed in a solution of 250 to 500 p.p.m. aureomycin hy- 
drochloride. The test was run for two weeks and the solution of antibiotic 
was changed two or three times daily but the virus content in the tip re- 
mained high. 

Adding the antibiotic to plants potted in sand or soil, a method 
formerly used by the writers for other chemicals, was not tried because of 
the larger amount of solution required and the possible decomposition of 
the antibiotics in soil or their adsorption on the sand or soil particles. 

As a result of these various preliminary experiments, the principal pro- 
cedure adopted for testing the antibiotics for the control of the two virus 
diseases was the wick method. It was thought that if the antibiotic actually 
possessed the power to exert any inhibitory action on either virus, this 
procedure for treating a systemic host should be the most effective in 
controlling the disease. 


THE WICK METHOD OF TREATING PLANTS WITH CHEMICALS 
MATERIALS AND METHODS 


Antibiotic solutions used. Purified sodium penicillin, streptomycin sul- 
fate, and sodium terramycin were kindly supplied by Dr. G. L. Hobby of 
Chas. Pfizer & Co., Inc., aureomycin hydrochloride was provided through 
the courtesy of Lederle & Co., and a sample of chloramphenicol (chloro- 
mycetin) was obtained from Parke, Davis & Co. Some additional potas- 
sium penicillin G and chloramphenicol were purchased to complete the 
experiments. Aureomycin hydrochloride was usually dissolved in a 0.0267 
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M glycine buffer, while the other four antibiotics were used generally in a 
0.0125 M potassium phosphate buffer at pH 6.9. In a single experiment 
p-aminobenzoic acid was tested with penicillin and streptomycin for possible 
synergistic action. In one test, Turkish tobacco was treated on successive 
days with repeated doses of streptomycin, followed by aureomycin and 
then penicillin since a combination of antibiotics may control an infection 
when one alone fails. 

The concentration of each antibiotic to be used was determined chiefly 
by its toxicity to the plants. The highest concentration tolerated by the 
plant was generally employed. 

Inoculation of plants with virus. Young plants of a Turkish variety of 
tobacco, N. tabacum, with a range of 2.1 to 18.5 cm. in height were used 
for the experiments with tobacco mosaic. Cheesecloth inoculation pads 
moistened with purified preparations of the virus in a concentration of 
about 0.2 mg. per ml. were rubbed lightly on a single leaf, either directly 
above, or below, or on a level with the place on the stem where the wick 
was threaded into the plant. If typical symptoms of tobacco-mosaic dis- 
ease were lacking at the termination of an experiment, the tip and stem of 
the plant in question were macerated and inoculated on N. glutinosa to 
determine the presence or absence of virus. In a few cases, antibiotic 
therapy was continued for several days after the plants had succumbed to 
the disease in futile attempts to induce recovery. 

In some tests, a “pure strain’’ of virus was used for inoculation. This 
single strain was isolated by the inoculation of the systemic host plant, 
Turkish tobacco, with a single local lesion induced by the virus on its 
local-lesion host, N. glutinosa. The alternate inoculation of the two hosts 
was repeated until it seemed likely that a single strain was obtained. With 
this source of inoculum, the virus was not purified but was used as the 
expressed sap from an infected Turkish tobacco plant. The object of isolat- 
ing a pure strain for inoculation purposes in preference to using a mixture 
of strains, was to lessen the possibility of building up in the plant a high 
concentration of a strain resistant to the antibiotic at the expense of 
more susceptible ones. 

N. rustica was used in the studies with potato yellow dwarf. The origi- 
nal virus was kindly supplied by Dr. L. M. Black. The procedure for test- 
ing an antibiotic for the possible control of the disease was similar to that 
described above for tobacco mosaic except that in order to obtain a high 
percentage of infection, it was necessary to inoculate several leaves on 
each plant so as to include the most susceptible age, and to sprinkle 
carborundum on the leaves to be inoculated, and finally to remove the 
growing tip of the inoculated plant and pinch off all the secondary shoots 
forming during the period of incubation. In doubtful cases of infection 
with the potato-yellow-dwarf virus, healthy N. rustica was inoculated with 
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macerated material from the leaves and stem of the plant showing obscure 
symptoms. 

In addition to the experiments with the systemic host of tobacco- 
mosaic virus, Turkish tobacco, a series of supplementary tests was in- 
cluded with the local-lesion host, N. glutinosa. Each antibiotic solution 
was mixed separately in vitro with a given concentration of virus and then 
inoculated on opposite half-leaves or on whole leaves of N. glutinosa plants, 
according to the Latin-square arrangement. The results from the latter 
method were recorded and subjected to an analysis of variance to deter- 
mine a possible significant difference in the various treatments. 

Introduction of chemicals into plants. Solutions of the antibiotics were 
introduced into the plant by the ‘‘thread method”’ essentially as described 
by Roberts (11) and Felber (5) but with a few modifications which seemed 
to enhance. the value of the technique. Instead of darning cotton which was 
tried at first, a glass fiber, purchased from the Atlas Asbestos Company of 
North Wales, Pennsylvania, under the trade name of ‘Plant Glaswik,”’ 
was substituted. The glass wick was unraveled to a single strand and 
threaded into a darning needle which was passed through the center of the 
stem near the base at a ninety degree angle. Both ends of the wick pro- 
truding from either side of the shoot were dipped into a vial of antibiotic 
solution partially embedded in the soil near the shoot to prevent tipping 
over, as illustrated in Figure 1. The glass wick was preferred to cotton 
thread since it exerted strong capillary attraction and insured a continuous 
supply of the solution to the plant. Also, the glass fiber was not so likely as 
cotton to become contaminated with fungi in the humid greenhouses 
where the tests were conducted. The potted plants were set in saucers to 
permit watering from the bottom and the vials of antibiotic solution were 
further protected from splattering during watering by covering them with 
disks of wax paper, larger than the top of the pot, and slit down the radial 
line toward the center, where a small circle was cut out to accommodate 
the stem. These paper covers were held in place by two wires, stuck into 
the soil through the margin of the paper disk on opposite sides and hooked 
over the edge of the pot. The approximate amount of antibiotic absorbed 
by each plant was calculated from the volume required for replacement in 
the vials at various intervals during the experiment, usually daily, when 
the antibiotic solution was replaced with a fresh solution. In one experi- 
ment with aureomycin the solution was changed twice daily. No correction 
was made for evaporation which was slight due to the humid layer of air 
above the surface of the liquid in the vials created by the wax paper covers 
over the moist soil. In the case of the corresponding control plants in each 
test, distilled or tap water or a buffer solution was substituted for the 
antibiotic solution. Pretreatment of a plant with an antibiotic was usually 
given at least 24 hours before inoculation to allow distribution throughout 
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the plant before the virus was introduced. An experiment was terminated 
when all of the control plants became diseased, or within 9 to 25 days when 
100 per cent infection of the controls was not obtained. 

In order to determine the probable distribution of a chemical intro- 
duced into the vascular system of a plant by a wick, a solution of 2,3,s5- 


Ficure 1. Method of introducing the antibiotic into Turkish tobacco plant. A glass 
wick has been threaded through the shoot and both ends dipped into the antibiotic solution 


in a glass vial and embedded in the soil. 


triphenyltetrazolium chloride was selected for trial since the original color- 
less preparation turns pink upon reduction within the plant. After several 
small scale tests, an experiment was undertaken involving 20 Turkish 
tobacco plants with a mean height of 17.5 cm. and an average of g leaves, 
and 6 Indian tobacco plants having a mean height of 14.0 cm. and an 
average of 8 leaves. Within three to four hours after treatment was begun, 
the chemical had reached the tips of all the plants, as evidenced by the 
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TESTS FOR THE CONTROL OF TosBacco-Mosaic DISEASE IN TURKISH TOBACCO 
PLANTS WITH ANTIBIOTICS 


Absorption per plant 


Concentration Period Mean Daily mean No. 
of plants 
Antibiotic* ane total j—— ’ 
ae prior to | Diseased) Healthy | diseased 
days. | iocula- treated 
P.p.m. Molar y tion, Mi. Mi. 
mg. (mg.) (mg.) 
Penicillin** 300 14 6.3 Bo 5 
(1 * 6) 5 
Streptomycin** 1000, 500, 9-13 20.7 Os¥ 6 
250 (4.3) 6 
Distilled water 
Phosphate buffer, .O125 3-3 4 
pH 6.8 4 
Penicillin and 250 12-14 3.0 D4) 2 5 
PABA (0.68) | (0.63) 8 
Streptomycin and 800 14-17 9.4 Dr Bs é 
PABA (1.8) (2.6) 8 
Distilled water 210 2.8 5 
8 
p-Aminobenzoic .0036 Fa %5 8 
acid, pH 6.6—-6.9 8 
Streptomycin 130 17-25 1) in S6 6 
(0.25) 6 
Phosphate buffer, OuAs Boy 6 
pH 6.8 6 
Streptomycin in 500 Te Za6 8 
phosphate buffer, (Gi 5g) 8 
pH 7.0 14 
Aureomycin in 500 26.8 2.5 7 
glycine buffer, (a3) 8 
pH 6.0-6.6 
Phosphate buffer, .0125 TORS 6 
pH 6.8 G 
Glycine buffer, . 0067 10.4 6 
pH 6.4 6 
Streptomycin** 2000, 1000, 10-14 6.2 Bi 2.6 4 
500 (1.8) (2.4) 6 
Distilled water 
Phosphate buffer, MOUAE, Rai 6 
pH 7.0 6 


* The sodium salts of penicillin and terramycin, the sulfate of streptomycin, and the 
hydrochloride of aureomycin were used. Unless otherwise stated, the diluent for the anti- 
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TABLE I—Continued 


Absorption per plant 
Concentration Saree Mean Daily mean No. 
Antibiotic* seats total pee 
oe peor Diseased) Healthy | diseased 
LENO CU a ee 
Ppai. | Molar h-9¥° “|. tion, |. Mi. Min. rented 
mg. (mg.) | (mg.) 
Aureomycinf in 1000, 500 .0267 8-9 2.1 2.8 ‘Bay & 
glycine buffer (1.2) (G44) 6 
Glycine buffer, .02 Dl 6 
pH 4.2 6 
Aureomycin f 500, 250 .0167 8-10 Gar 4.0 6 
(7-7) 6 
Glycine buffer, .02 2.7 5 
pH 7:5 5 
Aureomycin in | 1000, 500 .OT, Sor Fi XO) 5 
phosphate buffer, .005 (3-9) 5 
pH 6.0-6.3 
Aureomycin in | 1000, 500, BOma 3" ne) One 6.8 5 
glycine _ buffer, 250 .0067 (3-4) 5 
pH 6.4-6.8 
Terramycin in 200 Beir 3 
dilute HCl (0.62) 3 
Phosphate buffer, .Ol, ae 6 
pH 6.0 .005 6 
Glycine buffer, POI 35 4 
pH 6.4 .0067, S.2 yi 
.0033 
Tap water 6.1 5 
5 
Terramycin, dis- 250 6.2 7.9 8 
solved in HCl, (2.0) 8 
PH 7.0 
Terramycin, dis- 250 Se 8.1 ro 
solved in NaOH, (2.0) 10 
pH 7.0 
Distilled water 9-5 9 
9 
Terramycin G2a5 .O1 14 rich 8.0 20 
(0.5) 20 
Phosphate buffer, Foz 8.1 7. 9 
pH 6.8-7.0 ie) 


biotic was the buffer solution used for the control plants at the molar and H-ion concentra- 


tions indicated. } : 
** Replaced with fresh antibiotic solution daily. Plants were inoculated with a pure 


strain of the virus. ; 
+ Replaced with fresh antibiotic solution twice daily. Plants were inoculated with 


pure strain of virus. 
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deep-pink colored leaves, and within 18 hours the dye had reached every 
part of the plant above soil level and had stained the tap root as well. Fre- 
quently, an initial alternate half-leaf absorption of the dye was observed, 
indicating that the wick had penetrated only a limited portion of the vascu- 
lar system, but in less than 18 hours the one-sided absorption was ob- 
scured by an almost completely uniform distribution of the dye. When the 
wick was threaded into the petiole of a leaf, the dye reached the leaf 
directly above the treated one first. The rate of distribution of the liquid 
to all parts of the plant depended upon the extent to which the vascular 
system was penetrated by the wick and upon the rate of transpiration of 
the plant. The most rapid widespread distribution of the chemical was ob- 
tained by threading the wick into the shoot midway between two leaves 
1.5 to 3.0 cm. from the soil level and equidistant from the strands of tissue 
extending down the stem from the two leaves on opposite sides. 


RESULTS OF TREATMENTS WITH ANTIBIOTICS BY THE WICK METHOD 


Turkish tobacco treated for the control of tobacco-mosaic disease. The 
results of these experiments are recorded in detail in Table I. In two sepa- 
rate tests in which it was calculated that a total of 13 plants absorbed an 
average of 4.6 mg. of penicillin before inoculation, to became infected as 
compared to 17 of 20 control plants. In five tests, in which 34 plants re- 
ceived an average of 7.9 mg. of streptomycin prior to inoculation, 31 plants 
succumbed to the disease while 35 of 38 control plants became infected. 
When p-aminobenzoic acid was tested as a synergist with both of these 
antibiotics, no significant inhibition of virus multiplication was obtained. 
Out of a total of 30 plants, which absorbed an average of 5.2 mg. of aureo- 


TABLE II 


TESTS FOR THE CONTROL OF Topacco-Mosaic DISEASE IN TURKISH TOBACCO PLANTS 
WITH REPEATED DOSES OF STREPTOMYCIN, AUREOMYCIN, AND PENICILLIN 


SUCCESSIVELY 
Absorption per plant 
Period No. 
See j of Mean Daily plants 
Antibiotic* Diluent Concn., treat- total mean treated, 
p.p.m. ment, prior to. |—————_|_ 100% 
days inocula- Ml. diseased** 
tion, mg. (mg.) 
Streptomycin | .o125 M phosphate | tooo, 500 8.8 “se 
buffer at pH 6.8 Gan) 
Aureomycin 0267, .0133 M | 1000, 500| 12-14 Tied Poe 6 
glycine buffer Goa) 
Penicillin .o125 M phosphate | 312.5 1.6 Ont 
buffer at pH 6.8 (1.8) 


* For salts of antibiotics used see Table I, footnote.* 


__.“* The plants were inoculated with a pure strain of the virus. For control plants see 
Table I, first test. 
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TABLE IIT 


TESTS FOR THE CONTROL OF PoTtato-YELLOW-DWwaArRF DISEASE IN INDIAN TOBACCO 
PLANTS WITH ANTIBIOTICS 


; Absorption per plant 
Period No. plants 
Antbictc® Concn., of treat-| Mean total Daily treated, 
p-p.m. | pH | ment, _ prior to mean 100% 
days inoculation, |————————|_ diseased 
mg. MI. (mg.) 
Penicillin G** 500. |) On'7 9.6 6 
(units) (4800 units) 

Streptomycin 1000 6.7 2O 6 

(12.0) 
Chloramphenicol in 1000 ee 9.2 2 
distilled water Not recorded. (9.2) |(4 plants died) 

iS oclan 12 4 Plants inocu- 
Aureomycin in dis- 1000 5.6 lated 4 hours Sea 6 
tilled water after wicking. (Gea) 
Terramycin 200 6.8 Q.2 6 
(1.8) 

ot M_ phosphate 627 7.8 6 
buffer 
Chloramphenicol in 166.5 4.5T 9.7 6 
distilled water (1.6) 
Terramycin in.or M| 400 5.0 14 6.6 6 
phosphate buffer (2.6) 
Tap water 5.8 6 


* The potassium salt of penicillin G was used. For salts of other antibiotics and diluents 
employed see Table I, footnote *. 

** Tablet also contained sodium carbonate, sodium benzoate and citric acid as buffer 
substances. Milligrams of penicillin not indicated, hence concentration is expressed in units. 

7 Average of four plants, the other two plants were inoculated on the day treatment 
began. 


mycin before inoculation, 28 developed mosaic disease compared to 100 
per cent of the 27 control plants. In the case of terramycin-treated plants, 
38 plants absorbed an average of 4.1 mg. of the antibiotic prior to inocula- 
tion, and for an additional 3 plants the data were not available. The entire 
41 plants became diseased, while 23 of 24 corresponding control plants 
developed mosaic. 

When 6 plants were treated successively with repeated doses of strep- 
tomycin, aureomycin, and penicillin until 8.8 mg., 7.4 mg., and 1.6 mg. 
of antibiotic were absorbed respectively before inoculation, too per cent 
infection resulted, compared to 17 plants which became diseased out of 20 
controls (see Table II). 

Indian tobacco treated for the control of potato-yellow-dwarf disease. As 
recorded in Table III, 6 plants each were treated with penicillin, strepto- 
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TABLE, IV 


TESTS WITH ANTIBIOTICS FOR POSSIBLE INACTIVATION OF ToBACcO-Mosaic VIRUS IN 
ViTRO BY INOCULATION OF THE LocAL-LEs1on Host, NICOTIANA GLUTINOSA L. 
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oe No. lesions 
seen Total indicating 
Antibiotic* Diluent Antibiotic | lated ao) aS eee 
ores aes ia induced 
P.p.m.| pH joculum** P=5%|P=1% 
Aureomycin .0267 M 1,000 6.3 1,348 
: glycine buffer 
Penicillin .0o125 M 2,000 6.9 1,574 
phosphate buffer 
Streptomycin .o125 M 2F,OCO! | ORS 1,420 
phosphate buffer 
Chloramphenicol, .o125 M 2,000 | 6.9 ne 1,142 528 Gop 
dissolved in phosphate buffer 
ethanol 
Control .o125 M 6.9 1,019 
phosphate buffer 
Control .0133 M x2 1,582 
glycine buffer 
Aureomycin .0167 M 250 | 6.4 Bg ge 
glycine buffer 
72tt 
Control .0133 M 5.8 1,282 
glycine buffer 
Terramycin, dis- | Distilled water 886 7.0 2,087 
solved in NaOH 
Terramycin, dis- | Distilled water 843 7.0 24 2,292 725 959 
solved in HCl 
Control Distilled water 2,241 
Chloramphenicol, | Distilled water 333 6,848 
dissolved in 
ethanol 42 1,069 |1,410 
Control Distilled water 6,400 
Terramycin .o1 M 1,000 | 6.6 750 
phosphate buffer 
r2att 
Control .o1 M 677 
phosphate buffer 
Terramycin Distilled water 400 6.8 1,438 
Ae 18 366 486 
Control Distilled water 1,679 


See footnotes on opposite page. 
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mycin, or aureomycin, and 12 plants each with chloramphenicol or terra- 
mycin. Although the average daily absorption of the antibiotic solution was 
considerable all of the 50 plants of the 54 treated, which were living at the 
termination of the experiments, became diseased as well as the 12 control 
plants. 


RESULTS OF TESTING THE ANTIBIOTICS FOR A POSSIBLE INACTIVATION 
IN VITRO OF TOBACCO-MOSAIC VIRUS 
In Table IV, the results of 6 separate tests in which penicillin, strepto- 
mycin, chloramphenicol, aureomycin, or terramycin were mixed with virus 
and then inoculated on the local-lesion host, N. glutinosa, failed to show a 
significant reduction in the number of lesions developing when compared 
with the control inocula of buffer or distilled water and virus. 


DISCUSSION 


Although no assay was made to determine the presence or the con- 
centration of the various antibiotics in different parts of a treated plant, 
there are a number of indications that they were taken into the plant. In 
every case, the concentration of antibiotic used had to be adjusted to 
overcome the toxic effect not exerted by the diluent alone. Also, a cumula- 
tive toxic effect was observed which often resulted in the death of the 
plant. Frequently, the plants absorbed the entire contents of the vial 
leaving no indication of a residue of antibiotic. In the case of streptomycin 
(4), it has been shown that this antibiotic is absorbed through the roots 
of Turkish tobacco and may accumulate in the leaves and reach a con- 
centration there approximately ten times as strong as that in the solution 
absorbed. As additional evidence of the absorption of streptomycin in 
the experiments described in the present article, lack of chlorophyll 
formation, a typical reaction to this antibiotic, was noted along the mid- 
ribs and interveinal leaf tissues, and at times throughout the entire tips 
of the treated plants. Golden aureomycin was often evident in the orange- 
stained leaves of treated plants. The suggestion may be made that the 
plants so alter the absorbed antibiotic that its virus-inactivating power is 
destroyed. Since by definition, an antibiotic should withstand the action 
of enzymes and body fluids in order to qualify for successful therapy, and 


* For salts of antibiotics used see Table I, footnote *. 

** The antibiotic or buffer solution was mixed with an equal volume of tobacco virus, 
having a concentration of 0.2 mg./ml. The final concentration of both antibiotic and virus 
in the inoculum was thus reduced one-half. 

+ These numbers were obtained by an analysis of variance of data from leaves inocu- 
lated according to the Latin-square arrangement. 

+t The half-leaf was used as the unit, instead of the whole leaf and the two inocula 
were tested on opposite half-leaves. 

t Mean total number of lesions induced by three separate inocula on 24 leaves. 
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since the antibiotics used in these experiments have fulfilled the require- 
ments for internal use in animals, they therefore possess a certain degree 
of proven stability. 

It is of some interest to consider whether the treated plants received 
a dosage of antibiotic equivalent to that recommended for therapy in 
man. The necessary calculation was made for a single experiment with 
aureomycin and it was found that the amount of antibiotic absorbed 
usually exceeded that recommended for man. 

Since during antibiotic therapy strains of microorganisms resistant to 
the particular antibiotic used often develop, pure strains of the tobacco 
virus as well as mixed strains were used for the inoculation of plants. The 
possible appearance of variants in the plants after inoculation with the 
pure strain could not be controlled but the number of different variants 
resulting would be markedly reduced, thereby minimizing the chances of 
the appearance of a resistant strain. 

The fact that the antibiotics tested were ineffective in controlling the 
virus diseases of tobacco mosaic and potato yellow dwarf was indicated 
by the many similar unsuccessful attempts of others to control animal 
diseases due to the smaller viruses. To quote F. L. Horsfall, Jr. (8, p. 18), 
there is ‘‘a striking correlation between the particle size and the structural 
complexity of viruses and the effectiveness of available chemotherapeutic 
substances.’’ Among the microorganisms found susceptible to these anti- 
biotics, bacteria predominate. A number of the Rickettsiae are also sensi- 
tive to treatment with several of them, and continuing down the taxonomic 
scale, members of the psittacosis-granuloma group, which occupy a place 
intermediate between the Rickettsiae and the smaller or true viruses, are 
also affected. Some of these antibiotics are beneficial in the treatment of a 
still smaller etiologic agent, the virus of atypical pneumonia, which is 
reported to be larger than the true viruses and smaller than those of the 
psittacosis-granuloma group. The fact that a large group of diseases 
caused by small viruses does not respond to the kind of antibiotic therapy 
thus far made available cannot be adequately explained until more is 
known about the nature of antibiotic reactions. 


SUMMARY AND CONCLUSIONS 


rt. Solutions of the purified antibiotics, sodium penicillin, streptomycin 
sulfate, chloramphenicol, aureomycin hydrochloride, or sodium terra- 
mycin were introduced by means of a wick into Turkish tobacco (Nico- 
tiana tabacum L.) or Indian tobacco (Nicotiana rustica L.) and the plants 
were inoculated later with tobacco-mosaic virus and the virus of potato 
yellow dwarf, respectively. 


2. In a single experiment, streptomycin, aureomycin, and penicillin 
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were introduced into Turkish tobacco successively and in repeated doses. 
The plants were inoculated later with tobacco-mosaic virus. 

3. The same antibiotics were tested in vitro for the possible inactivation 
of tobacco-mosaic virus. The antibiotic-virus mixtures were assayed on the 
local-lesion host, Nicotiana glutinosa L. 

4. It was concluded that under the conditions of the experiment, all of 
the antibiotics tested were ineffective in controlling the virus diseases of 
tobacco mosaic or potato yellow dwarf. 
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ACTIVATION OF SODIUM 2-(2,4-DICHLOROPHENOXY)- 
BIHYL, SULFATE 


ROBERT B. CARROLL 


Thousands of tons of 2,4-D have been used to control weeds during the 
nine years since Zimmerman and Hitchcock discovered its growth-regulat- 
ing properties. The application of 2,4-D by power sprayers and airplanes 
has resulted in serious drift damage in some localities to many sensitive 
crops such as tomatoes and cotton. This has prompted considerable dis- 
cussion by legislative assemblies and in some states led to the establish- 
ment of laws requiring the operators of spraying equipment to be bonded. 

The need for a safer material that would not injure nearby sensitive 
crops was met by King and Lambrech (6) in 1949 when they found that 
sodium 2-(2,4-dichlorophenoxy)ethyl sulfate (CRAG Herbicide 1, E. H. 1) 
was an excellent compound for use under conditions where drift hazard 
with 2,4-D was high and where the weed population was in the early stages 
of germination. This material is relatively non-toxic when applied to foliage 
of cotton, tomato and other plants sensitive to 2,4-D but limits the growth 
of young weed seedlings when used in pre- or post-emergence applications 
(3). King, Lambrech, and Finn (7) believe that the material is activated by 
some soil factor, presumably biotic in nature, since it becomes more active 
in unsterilized soil than in soil which has been steam sterilized. 

Results of tests on the effect of hydrogen-ion concentration on the 
activation of sodium 2-(2,4-dichlorophenoxy)ethyl sulfate are reported in 
the present paper. Low pH values resulted in hydrolysis of the compound 
with the formation of 2,4-dichlorophenoxyethanol, which was biologically 
active. Tests were also carried out on the effect of riboflavin in counter- 
acting the activity of sodium 2,4-D and related compounds. 


MATERIALS AND METHODS 


The activity of sodium 2-(2,4-dichlorophenoxy)ethyl sulfate and re- 
lated compounds such as 2,4-D and the corresponding ethanol compound 
was measured in this investigation by the suppression of primary root 

4 ; ero guiChen 2 e 

elongation of cucumber (Ciaseitiia’ sativus 1. variety Early Fortune) 
seedlings using a method similar to that described by Ready and Grant 
(9). In some of the tests to be described, germination and growth of the 
test seedlings were carried out in light. Light was furnished by means of 
two parallel banks of 48-inch, 40-watt, daylight fluorescent tube lights 
mounted approximately one foot above the table on which the Petri dishes 
containing the seed were distributed. 


Copyright, 1952, by Boyce Thompson Institute for Plant Research, Inc. 
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The responses of young tomato (Lycopersicon esculentum Mill. variety 
Bonny Best) plants to the chemicals were measured by four different tech- 
niques, the first three of which, involving leaf immersion, excised tomato 
shoots, and soil additions, have been described by King (5). The fourth 
method was that of total plant immersion described by Mullison (8) as a 
rapid evaluation test. All the tomato plants were grown in Merrimac 
loam (11) composted for three years prior to use with equal parts of manure 
and leaf mold. The plants were maintained under average greenhouse con- 
ditions and were watered twice each day as uniformly as possible. Special 
care was exercised in watering to prevent the test chemicals from being 
washed off the foliage and into the soil. 

The effect of hydrogen-ion concentration on the activation of sodium 
2-(2,4-dichlorophenoxy)ethyl sulfate was determined ina buffered nutrient 
medium described by Tarr and Noble (10). The hydrogen-ion concentra- 
tion was adjusted by titration to the desired level (pH 3.0 to 8.0) with 
o.t1 N NaOH or HCl using a Beckman Model G pH-meter. Sodium 2- 
(2,4-dichlorophenoxy )ethyl sulfate was added to some flasks at a concen- 
tration of 0.01 per cent and the medium steam sterilized at 245° F. for 
30 minutes. Solutions containing sodium 2-(2,4-dichlorophenoxy)ethyl] 
sulfate and their controls at pH 3.0 to 8.0 were used to moisten filter pads 
for duplicate test plates in the cucumber root suppression test. 


EXPERIMENTAL RESULTS AND DISCUSSION 
CUCUMBER ROOT ELONGATION 


In order to eliminate the possibility of any physical effect of soil on the 
activation of sodium 2-(2,4-dichlorophenoxy)ethyl sulfate, preliminary 
experiments were performed using freshly made filtered soil extracts. 
When these data were compared with those obtained with solutions in 
tap or distilled water, it was evident that the soil extract was very much 
more effective in activating unsterilized solutions of the chemical. Further, 
a comparison made at the same time with several samples of sodium 2- 
(2,4-dichlorophenoxy)ethyl sulfate prepared by different procedures in- 
dicated that impurities tended to mask activation. All further tests to be 
described were therefore performed using a sample of high purity. 

Relation of 2,4-dichlorophenoxyethanol to growth inhibition. During pre- 
liminary investigations crystal formation was observed when slightly acid 
(pH 5.6) solutions of sodium 2-(2,4-dichlorophenoxy)ethyl sulfate which 
had been sterilized in distilled water, were allowed to stand overnight. 
These crystals when filtered and dried and studied spectrographically with 
infra-red light proved to be those of 2,4-dichlorophenoxyethanol mixed 
with crystals of some inorganic compound. Samples of the solution were 
withdrawn and tested for sulfate ion by means of cold barium chloride. 


These gave positive tests for the sulfate ion almost instantaneously follow- 
ing acidulation. 
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When sodium 2-(2,4-dichlorophenoxy)ethyl sulfate undergoes hydrol- 
ysis in acid solutions sodium acid sulfate and 2,4-dichlorophenoxyethanol 
are formed as shown below: 


O-C,H.0-SO3Na O-C.H.OH 
| 
es aa +HOH— Cl 4. NaHS0, 
< ~ 
GI Cl 


Sodium 2-(2,4-dichlorophenoxy)ethyl sulfate 2,4-Dichlorophenoxyethanol 


A sample of 2,4-dichlorophenoxyethanol purified by recrystallization 
was used to prepare a series of solutions containing from o.o1 p.p.m. to 
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CONCENTRATION OF 24-DICHLOROPHENOXYETHANOL-PPM. 


FiGure 1. Standard curve of the inhibition of cucumber root elongation by 
2,4-dichlorophenoxyethanol. 


10.0 p.p.m. of the chemical. These solutions were used in the cucumber 
bioassay to determine the amount of inhibition produced by this chemical. 
These data are portrayed in Figure 1. Very low concentrations were effec- 
tive in producing a marked inhibition of cucumber root elongation. 
Effect of sterilization on growth inhibition. When the effect of pH on 
activity of solutions of sodium 2-(2,4-dichlorophenoxy)ethyl sulfate was 
investigated more thoroughly, hydrogen-ion concentration was found to 
have little effect on activity unless a pH level of 4 or less was employed. 
Further, when comparisons were made between the activities of sterilized 
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and unsterilized buffered nutrient solutions containing 0.01 per cent of 
sodium 2-(2,4-dichlorophenoxy)ethyl sulfate, sterilization was demon- 
strated to have little effect on activity at pH levels of 4 or above. Below a 
pH 4 sterilization appeared to increase the activity of the solutions (see 
Fig. 2). The activity of these solutions at pH levels of 5 to 8 corresponds to 
approximately 0.07 p.p.m. of 2,4-dichlorophenoxyethanol. 
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FIGURE 2. The effect of sterilization on the inhibition of root elongation produced in 
cucumber seedlings by a 0.01 per cent solution of sodium 2-(2,4-dichlorophenoxy)ethyl sul- 
fate, at six pH levels. 


The reason for the approximately 40 per cent inhibition of root elonga- 
tion of the cucumber seedlings receiving neutral or slightly alkaline solu- 
tions of sodium 2-(2,4-dichlorophenoxy)ethyl sulfate is not known. The 
sample might have contained the small amount of 2,4-dichlorophenoxy- 
ethanol necessary to produce this inhibition or some buffer interaction may 
have obscured the response. 


SOIL TESTS 


The results reported by King et al. (7) were confirmed for greenhouse 
plantings in that the response of corn, cotton, soybeans, and tomato to 
sodium 2-(2,4-dichlorophenoxy)ethyl sulfate was greater in unsterilized 
soil than in soil which had been autoclaved immediately before use. 

A series of comparisons was made between sodium 2-(2,4-dichlorophen- 
oxy)ethyl sulfate, 2,4-dichlorophenoxyethanol and sodium 2,4-D by leaf 
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FIGURE 3. Tomato plants treated with solutions of (A) sodium 2,4-D; (B) 2,4-dichloro- 
phenoxyethanol; and (C) sodium 2-(2,4-dichlorophenoxy)ethyl sulfate by soil applications. 
Left to right: water control, 100, 10, 1, and 0.1 p.p.m. of chemical applied in 40 ml. of dis- 


tilled water three days prior to photographing. 


immersion, total plant immersion, soil applications, and solution applica- 
tions to excised tomato plants. In general, sodium 2,4-D was found to be 
more active than the ethanol compound which, in turn, was more active 
than sodium 2-(2,4-dichlorophenoxy)ethy! sulfate. There was relatively 
little response following applications to foliage of either the ethanol com- 
pound or sodium 2-(2,4-dichlorophenoxy)ethyl sulfate. The response was 
more severe when solutions of either chemical were applied to the excised 
stem or to the roots of tomato plants. Comparisons of the response of to- 
mato plants to soil applications of these chemicals are shown in Figure 3. 

Why these chemicals should act when applied so that they might enter 
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the stem or roots and fail to do so when applied to foliage is not known. It 
may be that translocation of sodium 2-(2,4-dichlorophenoxy)ethyl sul- 
fate and 2,4-dichlorophenoxyethanol does not take place from the leaves 
through the phloem while it does move rapidly upward through the xylem, 
since when the tips of the leaves of tomato plants were removed and these 
immersed in a solution of 2,4-dichlorophenoxyethanol, the response was 
more pronounced than when the foliage was immersed in a solution of this 
chemical without excision of the leaf tip. 
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FIGURE 4. Percentage inhibition of cucumber seedlings under fluorescent lights when 


exposed to solutions of sodium 2,4-D and 2,4-dichlorophenoxyethanol alone and in combina- 
tion with so p.p.m. of riboflavin. 


THE USE OF RIBOFLAVIN TO COUNTERACT CHEMICAL EFFECTS 


Previous studies with corn seedlings had shown that inhibition of corn 
root elongation by sodium 2,4-D could be counteracted by simultaneous 
exposure of the seedlings to solutions of riboflavin in light (1, 2). Using the 
cucumber bioassay, a comparison was made between the effect of sodium 
2,4-D and 2,4-dichlorophenoxyethanol used alone and in combination with 
solutions of riboflavin. In both treatments the tests were carried out under 
fluorescent lights. These data on root response are presented in Figure 4. 
It is evident that the inhibition curves of both chemicals used alone are 


1952] CARROLL—NA 2-(2,4-DICHLOROPHENOXY)ETHYL SULFATE 415 


approximately coincident over the range of concentrations used. It is also 
evident that riboflavin is much more effective in counteracting the inhibi- 
tion produced by sodium 2,4-D than it is in counteracting the inhibition of 
2,4-dichlorophenoxyethanol. This is further demonstrated when solutions 
containing 0.07 and 0.7 p.p.m. of the ethanol compound are combined with 
increasing amounts of riboflavin. The inhibition produced by the lower 
amount of the ethanol compound is effectively counteracted by use of 
500 p.p.m. of riboflavin. At this same concentration of riboflavin maximum 
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CONCENTRATION OF RIBOFLAVIN- PPM. 
Ficure 5. Inhibition of cucumber root elongation by 0.07 and o.7 p.p.m. of 2,4-dichloro- 


phenoxyethanol combined with various concentrations of riboflavin, Exposure to chemicals 
was carried out under fluorescent lights. 


reduction of inhibition occurs when the higher concentration of the ethanol 
compound is used. However, inhibition is still pronounced (Fig. 5). 
Riboflavin has been demonstrated by Galston (4) to be effective as a 
hydrogen carrier in the photo-oxidation of many indole-containing chemi- 
cals such as indoleacetic acid, tryptophane and others. In the presence of 
light, riboflavin becomes activated and can accept hydrogen from a suitable 
substrate. The reduced riboflavin is capable of transferring this hydrogen 
to oxygen directly, thus returning the riboflavin to its oxidized form. 
Riboflavin can also effect the photo-inactivation of at least three enzymes. 
Whether the present effect of riboflavin is due to either or both of these 
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phenomena is not now known. However, in view of the depression of the 
inhibition curve at the highest concentration of riboflavin used in the ex- 
periment shown in Figure 4, it seems probable that at this concentration, 
at least, riboflavin serves as an inhibitor of growth. 


SUMMARY 


A study of the effect of hydrogen-ion concentration and _ sterilization 
on the activity of solutions of sodium 2-(2,4-dichlorophenoxy)ethyl sul- 
fate revealed that hydrogen-ion concentration had little effect on activity 
above pH 4 while below this level activation increased with an increase in 
hydrogen-ion concentration. Further, steam sterilization increased the 
amount of activation at the lower pH levels. 

Sodium  2-(2,4-dichlorophenoxy)ethyl sulfate on acid hydrolysis 
yielded 2,4-dichlorophenoxyethanol, a compound of high biological acti- 
vity. Presumably, the other product of hydrolysis is sodium bisulfate. The 
chemical, 2,4-dichlorophenoxyethanol, was shown to have a ‘high order of 
activity where inhibition of cucumber root elongation was used as a measure 
of activity. The chemical was only slightly active in producing epinastic 
responses in tomato plants when foliar applications of the chemical were 
made. The magnitude of activity was approximately 1/1ooth that of 
sodium 2,4-D. When solutions were applied to excised tomato stems or to 
the soil of potted tomato plants, the responses of tomato plants to this 
chemical were considerably more marked than when the tomato plants 
received foliar applications of the chemical. 

It is suggested that the 2,4-dichlorophenoxyethanol does not travel as 
rapidly downward in the phloem with the photosynthate as does sodium 
2,4-D. It appears to travel upward in the xylem at a much greater rate. 

Riboflavin counteracts the inhibition produced by low dosages of 2,4- 
dichlorophenoxyethanol much less efficiently than it does similar dosages of 
sodium 2,4-D. The effect of 2,4-dichlorophenoxyethanol may either be 
more complex than that of sodium 2,4-D or be more permanent in its 
action. 
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SUBSTITUTED BENZOIC ACIDS AS GROWTH REGULATORS 
P. W. ZIMMERMAN, A. E. HitcHcock, AND EDWARD A. PRILL 


In recent publications (1, 12) 2,3,6-trichlorobenzoic acid and the cor- 
responding aldehyde were shown to induce hormone-like responses in 
plants. These results are of special interest since they brought out the 
fact that derivatives of benzoic acid have physiological activity equal to 
that of well recognized growth regulants. Since the first report on the 
activity of substituted phenoxy and benzoic acids (11) appeared several 
other investigators also have published on this subject (2, 7, 10). The 
present report is concerned principally with three physiologically-active 
substituted benzoic acid derivatives. These are 2,6-dichlorobenzaldehyde, 
2,6-dichlorobenzoic acid, and 2,6-dichloro-3-nitrobenzoic acid. These and 
several other substituted benzoic acids previously reported are compared. 


PREPARATION OF COMPOUNDS 


2,6-Dichlorobenzaldehyde. The Eastman practical grade of this com- 
pound was purified by steam distillation and recrystallization from 
petroleum ether to yield the pure compound melting at 70° C. (3, p. 226). 

2,6-Dichlorobenzoic acid. The above purified aldehyde was oxidized to 
this acid by means of potassium permanganate. After isolation and re- 
crystallization from carbon tetrachloride, the acid had a melting point 
of 143° to 144° C. which agrees with the highest reported values (3, p. 378). 

2,6-Dichloro-3-nitrobenzoic acid. This acid was prepared by the nitration 
(5) of the above pure 2,6-dichlorobenzoic acid. After recrystallization from 
carbon tetrachloride it showed the reported melting point of 152° C. 

3-Amino-2,6-dichlorobenzoic acid. The above nitro compound in ethanol 
solution was reduced with iron powder and hydrochloric acid. After re- 
crystallization from water the new compound melted at 189° C. Anal. 
Calcd. for C7H;O2NCle: Cl, 34.4. Found: Cl, 34.7. 

2,3,4,5-letrachlorobenzoic acid (8), 2-chloro-6-nitrobenzoic acid (6), and 
4,5-dichloro-2-nitrobenzoic acid (9g). These compounds were synthesized 
according to methods given in the literature. The other compounds used 
were purchased or had been prepared in these laboratories at some previous 
time. 

EXPERIMENTAL METHODS 


Tomato (Lycopersicon esculentum Mill.) and stevia (Piqueria trinervia 
Cav.) were used as the principal test plants. Solutions of the three sub- 
stances were applied to aerial parts and to soil in which the plants were 
growing. The aerial parts of the plants were treated with lanolin prepara- 
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tions having a concentration range from o.oo1 to 100 mg. per gram of 
lanolin. The chemical solutions were sprayed on the leaves by means of 
an atomizer. Water solutions containing 1 to roo mg. in 30 to 50 ml. of 
water were applied to 500 grams of soil in which the plants were growing. 
Each treatment served as a test for one or more responses such as epinasty 
of leaves, curvatures, and inhibition of growth. The insoluble or only 
slightly soluble acids were formulated with triethanolamine. 

The axillary angle of the leaf and stem was measured in degrees with a 
protractor or the plants were observed and ranked for relative change 
after treatment. 


RESULTS 


The responses induced for any given compound were similar regardless 
of the method of treatment. They are listed as cell elongation (associated 
with epinasty of leaves and curvatures of the stem), proliferation of cells 
(associated with induced cell division), induction of roots, modification of 
leaves and fruit, and inhibition of growth. In most respects the responses 
induced by 2,6-dichlorobenzoic acid and 2,6-dichloro-3-nitrobenzoic acid 
were similar to those reported for 2,3,6-trichlorobenzoic acid (12). 

The comparative activity of the three compounds and threshold con- 
centrations are shown in Table I. Table II shows the comparative activity 
of 2,6-dichlorobenzoic and 2,6-dichloro-3-nitrobenzoic acids when the 
plants were treated with four different concentrations of the chemicals in 
lanolin and ranked for degree of response. Table III shows the relative 
epinastic response when the chemical was applied to the soil. Table IV 
shows length of time required for the plant to respond to 0.5 per cent spray 
solutions of two benzoic acids. 


EAB IE eL 


EFFECTIVENESS OF THREE BENzorc ACID DERIVATIVES FOR INDUCING VARIOUS 
RESPONSES WHEN APPLIED AS LANOLIN PREPARATIONS TO TOMATO PLANTS 


Minimum effective concentration (mg./g.) 


Compound Cell Leaf | ~ Root ee 
elongation | modification | induction lethal ettece 
2,6-Dichlorobenzaldehyde Inactive 5 Inactive 100 
2,6-Dichlorobenzoic acid 10 Onis 25 25-50 
2,6-Dichloro-3-nitrobenzoic acid I 0.5 IO 25-50 


Regardless of how 2,6-dichlorobenzaldehyde was formulated and ap- 
plied to plants, it failed to induce any of the responses involving cell 
elongation or cell division (epinasty of leaves, curvature, and induction of 
roots). It caused modification of leaves and inhibited growth. A 2 per cent 
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TABLE II 


COMPARATIVE ACTIVITY OF 2,6-DICHLOROBENZOIC AND 2,6- DICHLORO-3-NITROBENZOIC 
Acips WHEN AppLieD As LANOLIN PREPARATIONS TO TOMATO PLANTS 


Ranks for relative 
Compound Concentration, RC Saar 
mg./g. ae Leat 
pinasty. modification 
2,6-Dichloro-3-nitrobenzoic acid 100 I I 
2,6-Dichloro-3-nitrobenzoic acid 50 2 2 
2,6-Dichloro-3-nitrobenzoic acid 25 2 3 
2,6-Dichlorobenzoic acid 100 4 4 
2,6-Dichloro-3-nitrobenzoic acid 10 5 5 
2,6-Dichlorobenzoic acid 50 6 6 
2,6-Dichlorobenzoic acid 25 7 7 
2,6-Dichlorobenzoic acid Io 8 8* 
* No response. 
TABLE, iit 


EPINASTIC RESPONSE OF TOMATO LEAVES TO 2,6-DICHLOROBENZOIC AND 
2,6- DICHLORO-3-NITROBENZOIC AcIDS APPLIED TO THE SOIL 


pe eens Relative epinastic response 

Compound mg. es se Observed* Measured** 

ead ey after 6 hr. after 48 hr. 
Control None ° Bi 
I ° 62° 
2,6-Dichlorobenzoic acid 5 ) aS 
10 fo) 96° 
50 ° 109° 
I a 104° 
2,6-Dichloro-3-nitrobenzoic acid 5 +4 114° 
10 +++ 1220 
50 Se SP SP ae 136° 


* o=No change; +=slight epinasty; ++ =medium epinasty; +-+-+ =considerable 
epinasty; +++ -+ =pronounced epinasty. 
** Average of six leaves. 


TABLE IV 


COMPARATIVE Activity oF Two BENzoic ActD DERIVATIVES AND TIME REQUIRED TO 
INDUCE EPINASTY OF TOMATO LEAVES AFTER BEING SPRAYED 
WITH A 0.5 PER CENT SOLUTION 


Average of twelve angles in degrees at 
six different times, hours 
Compound Sey 
rigina 
angle I 2 3 | 6 | 24 
Control , 54 61 61 57 | ae ie 
2,6-Dichlorobenzoic acid _ } 65 68 72 70 70 94 
2,6-Dichloro-3-nitrobenzoic acid 58 67 74 78 88 in 
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solution was toxic enought to kill plants within ten days after treatment. 
The only growth regulation of the aldehyde which resembled a hormone-like 
response was its capacity to modify the pattern of new organs. These re- 
sults are in contrast with those obtained with 2,3,6-trichlorobenzaldehyde 
which was as active as the corresponding acid for cell elongation, induction 
of roots, and modification of organs. 

2,6-Dichlorobenzoic acid was not as active as 2,6-dichloro-3-nitroben- 
zoic acid. The latter, however, was not as active as 2,3,6-trichlorobenzoic 
acid. 

The toxicity of 2,6-dichlorobenzoic acid was higher than that of 2,6- 
dichloro-3-nitrobenzoic acid, but both compounds were so effective for 
inhibiting growth and eventual killing of the plants that they might be 
useful as herbicides. Three species of weeds, Stellaria media (L.) Cyrill, 
Galinsoga parviflora Cav., and Polygonum sp., growing with tomato plants 
and sprayed with o.1 per cent of 2,6-dichlorobenzoic acid and 2,6-dichloro- 
3-nitrobenzoic acid were inhibited or killed. Where inhibited, the plants 
produced swollen stems and modified leaves as they resumed growth. A 
.I per cent solution sprayed on tomato plants almost stopped elongation, 
and the plants continued to develop abnormal growths for 10 to 20 days. 

The two derivatives were lethal to tomato plants when applied by 
means of an atomizer at a concentration of 1 per cent or more. A concentra- 
tion of o.oor per cent of 2,6-dichloro-3-nitrobenzoic acid induced epinasty 
while 0.5 per cent of 2,6-dichlorobenzoic acid was required for this re- 
sponse. 

Table V shows a list of substituted benzoic acids and their comparative 
physiological activity for different types of responses. It will be seen from 
the results that 2-bromo-3-nitrobenzoic, 2,3,6-trichlorobenzoic, and 2,6- 
dichloro-3-nitrobenzoic acids are among the more active for cell elongation. 
Many of them are equally active for formative effects, and some of them 
show ‘considerable toxicity and might make very effective herbicides. 

Tests involving translocation of growth regulators were made with 
stevia plants. The movement of the substances in the tissue could be 
followed by the responses induced. The principal responses were modifica- 
tion of leaves, swelling of the nodes, and killing of tissue. When either water 
solutions or lanolin preparations were used to treat one portion of a stem, 
2,6-dichlorobenzoic acid traveled both upward and downward. The cor- 
responding aldehyde derivative, however, traveled upward more readily 
than downward. The responses are indicated in Figure r. When one branch 
of a Y-shaped plant was treated with the acid, the treated branch responded 
at the tip, but the material also moved down the stem, into the other 
branch, and upward causing swelling and modification of the leaves at 
the tip. In the case of the corresponding aldehyde, the treated branch re- 
sponded but the other branch failed to respond within a 21-day period. 
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TABLE V 


COMPARATIVE EFFECTS OF SUBSTITUTED BENzoIC ACIDS AND Two CORRESPONDING 
ALDEHYDES FOR PHysIOLOGICAL Activiry WHEN APPLIED 
AT o.t PER CENT SpRAY SOLUTIONS 


Comparative effectiveness on tomato plants* 


Substituents in nucleus of 
benzoic acid Cell Formative 


elongation effects Toxicity 


+ 
+ 


© 4; tr 0, © te ONO} 07 Ol Omg OO LO IOPORONOHOTOLOTORONOEO 


2-Bromo-3-nitro 
2-Chloro-5-nitro 
2-Chloro-6-nitro 
2,4-Dichloro 

2,5-Dichloro 

2,6-Dichloro 
(2,6-Dichlorobenzaldehyde) 
3,5-Dinitro 
3-Amino-2,6-dichloro 
2-Amino-3,5-diiodo 
4-Amino-3,5-diiodo 
2-Chloro-3,5-diiodo 
2-Chloro-3,5-dibromo 
2,6-Dichloro-3-nitro ++ 
4,5-Dichloro-2-nitro 
2-lodo-3,5-dibromo 
2,3,6-Trichloro +++ 
(2,3,6-Trichlorobenzaldehyde) ee 
2,3,5- Lriiodo 
2,3,4,5- 1 etrachloro 


oe 
++ 
++ 
ottttott+totootttoottoo 


+t 
+44 


++++ 
++++ 


++ 


+4+4++ 444+ 4+ 
+4+4++ 444+ 4+ 


++++ + 


* o=Inactive; + =slight response; +-++-=medium response; -+-+-+ =considerable re- 
sponse; ++-+-+ =pronounced response. 


There appeared, however, slight modification on the tip of the opposite 
branches six weeks after the treatment, indicating slight translocation in 
that direction. It was shown in an earlier publication (12) that 2,3,6- 
trichlorobenzoic acid and the corresponding aldehyde both moved freely 
upward and downward and were translocated readily to distant branches 
growing on the plant. Thus the similarity or difference in the translocation 
of an aldehyde and its corresponding acid depends upon the number, 
kind, and position of the substituents. 

Stevia plants translocate some of the substituted benzoic acid and alde- 
hyde derivatives more readily than the well-known root-inducing sub- 
stances. The local effects of three of these are illustrated in Figure 2. It 
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FIGURE 1. Stevia plants used to illustrate translocation of material. Arrows indicate 
where preparations containing 25 mg. per g. of lanolin were applied. Left to right: Control; 
2,6-dichlorobenzoic acid; 2,6-dichlorobenzaldehyde. Note that the acid traveled upward 
and downward moving into the opposite branch while the aldehyde appears to have moved 
only upward in the branch which was treated. 
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FIGURE 2. Stevia plants to show the local effect, indicated by arrows, of preparations 
containing 25 mg. of well-known root-inducing substances per g. of lanolin. Left to right: 
Control; indoleacetic acid; indolebutyric acid; naphthaleneacetic acid. 


appears, therefore, that stevia varies considerably in its capacity to trans- 
locate various hormone-like substances. 


DISCUSSION 


By use of Avena coleoptile segments Muir and Hansch (7) found both 
2-chlorobenzoic and 2,6-dichlorobenzoic acids active. The results obtained 
by the use of the tomato plant as the test object indicated that 2,6- 
dichlorobenzoic acid was active for both cell elongation and modification 
of leaves. The 2-chlorobenzoic acid, however, was inactive for both of 
these responses. 

The activity of benzoic acid derivatives compared with the phenoxy 
derivatives shows some interesting differences. 2,6-Dichloro, 2,3,5-, 2,3,6-, 
2,4,6-, and 3,4,5-trichlorophenoxyacetic acids are all inactive for cell 
elongation. However, of these, 2,6-dichloro, 2,3,4-, and 2,4,6-trichloro- 
phenoxyacetic acids have formative effects, causing modification of the 
pattern of organs. After testing 15 compounds, Leaper and Bishop (4) 
showed that the highest physiological activity of chlorophenoxyacetic 
acids was associated with the presence of two unsubstituted positions in the 
benzene ring para to each other. Hansch and co-workers (2, 7) postulated 
an ‘ortho reaction hypothesis” to explain the activity of substituted ben- 
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zoic acids. They concluded that only those benzoic acids with an electro- 
negative atom or group capable of displacement by an electron-rich sub- 
strate in one or both ortho positions can promote cell elongation of Avena 
coleoptile sections. They also describe a mechanism of reaction of the 
growth regulator with the plant substrate based upon electronic char- 
acteristics of active benzoic acids and phenoxyacetic acids. 

In arriving at an explanation of how a plant growth regulant works, we 
are confronted with three or more well-known responses (cell elongation, 
cell division, induction of roots, and formative effects), all of which can be 
induced by a single substance, whereas some growth regulants cause only 
one or two of these responses. We are further faced with the problem that 
all species do not respond alike, as illustrated by the fact that Avena sections 
respond to treatment with 2-chlorobenzoic acid while tomato tissue does 
not. It would appear, therefore, that an explanation for one species may not 
serve for another. 

SUMMARY 


Evidence is presented to show that 2,6-dichlorobenzoic and 2,6-dichloro- 
3-nitrobenzoic acids induced cell elongation, cell division, adventitious 
roots, and formative effects on organs of plants. The corresponding alde- 
hyde of 2,6-dichlorobenzoic acid caused formative effects but not the 
other responses listed for the acid. Stevia plants readily translocated the 
acid upward and downward while the corresponding aldehyde was trans- 
located readily upward but either not at all or only slowly downward. 

2,3,6-Trichlorobenzoic acid and the corresponding aldehyde caused 
similar responses when applied to tomato and stevia plants. 
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AN ESTIMATE OF THE QUANTITY OF ORAL SECRETION 
DEPOSITED BY LYGUS WHEN FEEDING ON 
BEAN TISSUE! 


FLORENCE FLEMION, LAWRENCE P. MILLER, AND RICHARD M. WEED 


Injury to plant tissue following feeding by Lygus oblineatus Say (tar- 
nished plant bug) is so extensive that it is logical to presume that a toxic 
secretion may be involved. In recent experiments it was shown, with the 
use of P*, that some radioactivity is left behind in bean tissue after the 
insects had fed (2). It has now been possible to estimate the quantity of 
secretion left in host tissue since saliva could be collected from the insects 
using a technique devised by Braun and Maramorosch (1)%. With the 
use of specially constructed micropipettes’ volumes as low as 0.01 lambda 
could be measured and, with insects containing large amounts of P®, the 
activity per unit volume could be determined. Thus by relating the amount 
of activity imparted to host tissue and the activity per unit volume of 
saliva of the insect concerned, a fairly good estimate of the quantity of 
secretion deposited could be made. 

The insects were made highly radioactive by having them feed on su- 
crose solutions containing relatively large amounts of P*® using proce- 
dures previously described (2)*. It was necessary for the insects to take up 
amounts of P*® equivalent to about 500,000 counts per minute per insect, 
with measurement techniques detecting about 20 per cent of the disin- 
tegrations, in order to obtain saliva sufficiently active to be useful in these 
studies. 

In using the technique of Braun and Maramorosch, only the upper part 
of the wings was attached to a glass slide with Duco cement and it was 
possible to free the insects again after salivation. Figure rt A shows an in- 
sect attached to a slide and the tip of the micropipette near the proboscis. 
For the actual collection of saliva, the pipette was held at an angle other 
than that illustrated. When the insects salivated, a small droplet appeared 
at the end of the proboscis and was picked up by a micropipette which 


1 These results were presented before the New York Section of the American Chemical 
Society and an abstract has appeared in Amer. Chem. Soc., Absts. papers 4th Meeting-in- 
Miniature, New York, N. Y., Feb. 8, 1952, p. 4. 

2 The authors are indebted to Dr. Armin C. Braun for demonstrating this technique to 
them before the publication became available. 

3 The micropipettes used were made from precision bore capillary tubes by Karl Schu- 
mann, Cliffside, N. J. 

4 The P* used in these experiments was obtained from the United States Atomic Energy 
Commission, Oak Ridge, Tenn. 
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FIGURE 1. A. Lygus attached to a glass slide together with the tip of micropipette 
used for collecting saliva (magnification 5). B. View of bore and calibration marks on 
pipette (magnification 5). C. Illustration of method used in transferring material from 
pipette to stainless steel planchets prior to determination of radioactivity. 


had previously been allowed to take up distilled water to fill the non- 
calibrated portion at the tip. These manipulations with the insects were 
carried out under the microscope at low magnification. The collected saliva 
was then transferred to a small stainless steel planchet with the aid of a 
short length of rubber tubing and a hypodermic syringe as shown in Figure 
1 C. The pipette was repeatedly rinsed with distilled water to wash out 
the saliva as thoroughly as possible. In Figure 1 B is shown the pipette 
with the calibration marks at a magnification of X5. The diameter of the 
bore of capillary as supplied by the manufacturer was stated to be 0.226 
millimeter. When measured under the microscope a value of 0.23 milli- 
meter was obtained. The volume of the pipette was also checked by using 
solutions containing radioactive phosphorus. Each scale division in the 
pipette corresponds to a volume of 0.04 lambda or microliter. 

The insects, after feeding on the sucrose solution to which P® had been 
added, were kept for a number of days on green bean (Phaseolus vulgaris 
L.) pod tissue before being used for the deposition experiments. This 
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procedure assured removal of any radioactivity that might have become 
associated mechanically with the mouth parts while ingesting the radio- 
active solution. When ready for the feeding experiments the insects were 
transferred to bean tissue prepared as described in a previous paper (2). 
The insects were kept under observation while feeding and transfer of 
radioactivity through excrement was thus avoided. After the insects had 
fed on the bean pods, the radioactivity of the tissue fed upon was deter- 
mined. A sample of saliva was obtained from the insects as soon as possible 
after feeding and the radioactivity per unit volume determined. 

The results obtained with collections of saliva from a number of in- 
sects which had taken in large amounts of radioactive P* are shown in 
Table I. Values given in column two for the radioactivity of the insects are 


TABLE | 


RADIOACTIVITY PER UNIT VOLUME OF SALIVARY SECRETIONS OF LyGus 
WuicH HAveE INGESTED P® 


Radioactivity of insects Saliva collected 
2 f Cc Counts per minute and 
Time after QUES Per Vol. standard deviation 
ingesting minute, lamibda 
32 = —3 
are | m8 Collected sample Per lambda 
7 196 0.040 eh ae a) 325420 
13 rt 0.040 LOrE 2-4, 250412 
7 154 0.010 Liebe tet 1300+ 28 
10 ras 0.012 eel: 1000 + 22 
14 ahi 0.060 i@lae Da) T0702 
6 140 0.020 fohaeeeyay/ 400 + 26 
7 135 0.020 TB ists 20 650414 
8 | II4 0.020 TOsn 10 500 +TII 
7 11g 0.030 Ack 2)0 Lig sais BU) 
7 | 63 | 0.160 Ny pee A(0) DOSE nO 
9 | 52 0.060 Liane rcst 66+ 9 


measurements made on the day the saliva was taken. The activity immedi- 
ately after the end of the feeding period, from 6 to 14 days earlier was, 
of course, much higher. In the interim, losses as a result of decay and the 
voiding of radioactive excrement had taken place. Volumes of saliva col- 
lected at one time varied from 0.010 to 0.160 lamdba. Activities of saliva 
ranged from 66 to 1300 counts per minute per lambda. While the lower 
values were to some extent associated with insects of low total activity, 
there also is some indication that the amount of radioactivity per lambda 
was related to the total volume of saliva collected per insect. Thus the 
degree of hydration affected the amount of dilution involved and thereby 
influenced the radioactivity per unit volume. 
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To determine the volume of saliva deposited in host tissue, insects which 
had injested radioactive phosphorus were permitted after a waiting period 
to feed on green bean pod tissue. Times of feeding which were determined 
in each instance, varied from about 20 to approximately 108 minutes. The 
radioactivity imparted to tissue fed upon is shown in column three of Table 
II. Subsequent to feeding, saliva was collected directly from the insects. 


DAB ES It 


DETERMINATION OF QUANTITY OF ORAL SECRETION DEPOSITED BY 
LyGus WHEN FEEDING ON BEAN TISSUE 


. . Radioactivity of Bs 
sags os bean pod tissue ae cole Calculated 
after feeding 8 amount 
~— - deposited 
Ti f Counts Counts per Counts per in 
ime alter per minute and Vol., minute and tissue, 
Tag ee EINE minute, standard lambda standard lambda 
p®, days LOn: deviation deviation 
7 162 Gone 2e3 0.010 lest Dre 0.055 
9 147 O2SE so 7 0.100 79+4.8 0.078 
7 144 ASIED 3 0.020 OeE2RS8 0.063 
6 140 Tap ety) 0.020 Bae oo 0.038 
9 135 4643.6 0.060 Deltstz:4)1O 0.251 
13 77 ie teiey he 0.060 TOse2 0) 0.078 


The volumes of saliva and the radioactivity of the saliva are given in 
columns four and five of Table II. The calculated volume of the saliva 
deposited is given in column six of the table. Volumes ranged from 0.038 
to 0.251 lambda. These volumes are higher than were obtained in the 
direct collections of saliva from the insects which is understandable in view 
of the fact that the collections involved saliva appearing at the tip of 
proboscis within relatively short periods while feeding times on host tissue 
were as long as 108 minutes. 

In these tests insects having an activity of from 77,000 to 162,000 
counts per minute imparted activities of 13 to 62 counts per minute to bean 
tissue. These values represent dilution factors of about 3,000 to 9,000, 
values which are close to those previously obtained (2). Times of feeding 
were observed with all the tests reported in Table II] but the amount of 
activity imparted was not directly associated with the length of feeding 
time. Apparently the insects are not necessarily actually feeding during the 
whole time that the proboscides are inserted into the host tissue so that the 
observed times are not really true measurements of total feeding time. 

Data reported in Tables I and II represent only those instances in 
which significant quantities of saliva were obtained. For reasons not clear 


at this time salivation took place in only about 50 per cent of the insects 
subjected to this procedure. 
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SUMMARY 


An estimate of the quantity of oral secretion deposited in green bean 
pod tissue by Lygus oblineatus on feeding was obtained through the aid of 
radioactive phosphorus. With the use of a technique developed by Braun 
and Maramorosch saliva was collected from Lygus which had fed on P® 
and the activity per unit volume was determined. On the basis of the radio- 
activity imparted to bean tissue by insects on feeding, it was estimated 
that from 0.05 to 0.25 lambda was deposited in the tissue as a result of 
feeding periods varying from about 20 to 108 minutes. 
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BIOLOGICAL ACTIVATION OF SODIUM 2-(2,4-DICHLORO- 
PHENOXY)ETHYL SULFATE! BY BACILLUS CEREUS 
VAR. MYCOIDES 


Pelee VLITOS: 


Sodium 2-(2,4-dichlorophenoxy)ethyl sulfate has been shown to re- 
quire contact with soil before its hormonal action on plants can be mani- 
fested (3). A microbial factor was considered necessary for the chemical 
conversion by King, Lambrech, and Finn (3), and this has since been 
confirmed (1, 4). Carroll (1) reported that acid hydrolysis of sodium 2- 
(2,4-dichlorophenoxy)ethy! sulfate in solutions of low pH resulted in the 
formation of 2,4-dichlorophenoxyethanol and sodium acid sulfate. The 
compound was also readily converted to its active form in nonsterile or 
sterile soils of low pH values (4). Activation did not occur in sterile soil if 
the hydrogen ion concentration was above pH 5.5, whereas in nonsterile 
soil the conversion to an active compound occurred in a pH range of 4.0 
to 7.0. Activation did not occur at a pH of 8.0. 

The present paper is concerned chiefly with the isolation from soil of 
organisms effective in converting sodium 2-(2,4-dichlorophenoxy)ethyl 
sulfate to an active plant growth regulator. Preliminary exeriments con- 
cerning the pathway of the chemical steps involved in the activation are 
also discussed. 


MATERIALS AND METHODS 


Sandy loam soil (pH 5.5 to 7.0) was treated with 100 p.p.m. of the 
herbicide in Petri dishes and allowed to stand at 21° C. for seven days. 
At the end of this incubation period soil dilution plates were prepared as 
follows: ten gram samples of the treated soils were added to 200 ml. of 
sterile water in 500 ml. Erlenmeyer flasks, which were then shaken for 
thirty minutes on an automatic ‘‘wrist-action”’ shaker. After removal from 
the shaker, the soil-water mixture in each flask was allowed to stand for 


2? 


ten minutes until heavier soil particles settled to the bottom. 

From the original 1:20 dilutions, serial dilutions were prepared. Dil- 
ferential media were employed, consisting of soil agar (2) for actinomycetes, 
nutrient agar for bacteria, and potato dextrose agar for fungi. One ml. of 
a 1:100,000 dilution was pipetted to each of three sterile Petri plates, and 
cool agar poured over the dilution. All cultures were incubated at room 
temperature (20° C. to 25° C.). After 24 hours, transfers were made of the 

1 Sold under the trade name CRAG Herbicide t. 

2 Senior Fellow in Plant Physiology, Boyce Thompson Institute for Plant Research, 
Inc., Yonkers 3, N. Y., and the Carbide and Carbon Chemicals Company, New York 17, 
Nay 
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bacterial colonies appearing on the Petri plate cultures to test tube 
slants containing nutrient agar. Similar transfers were made after four or 
five days of fungus and actinomycete colonies to test tube slants of potato 
dextrose and soil agar. When the soil organisms were well established in 
test tube culture, each of the isolates was tested for its ability to convert 
sodium 2-(2,4-dichlorophenoxy)ethyl sulfate to its active form in sterile 
soil. 

A modified cucumber root suppression test (3) was employed to meas- 
ure activation of the compound. Five grams of soil, similar to the original 
soil from which the isolations were made, were treated with 5 p.p.m. of sodi- 
um 2-(2,4-dichlorophenoxy)ethyl sulfate in Petri plates. Sterilization was 
achieved by autoclaving the soil-herbicide mixture at 15 Ib. pressure for 
30 minutes. Previous experiments had shown that the chemical was not 
altered by this treatment. Each of the sterile soil-herbicide mixtures was 
then inoculated with 1 ml. of a water suspension of each isolate. Twenty- 
five cucumber (Cucumis sativus L. var. Davis’ Perfect) seed were placed 
in contact with the soil-herbicide-microbial mixture and incubated for 
five days at 21° C. Controls consisting of sterile soil, herbicide, and soil 
isolate were included. Measurements of the primary roots were made after 
five days. 

DISCUSSION AND RESULTS 


Of the isolations made, bacteria were found to be most active in con- 
verting sodium 2-(2,4-dichlorophenoxy)ethyl sulfate to its active form. 
In the initial experiments no effort was made to identify each isolate. How- 
ever, if the isolate exhibited activity it was then taxonomically determined. 
Representative data from a portion of soil isolate-herbicide activation tests 
appear in Table I. 

WAN BILIS, IL 


EFFECT OF SOME BACTERIAL ISOLATES IN ACTIVATING SODIUM 
2-(2,4- DICHLOROPHENOXY)ETHYL SULFATE IN STERILE SOIL 


Na 2-(2,4-dichlorophenoxy)- avec Cucumber root length,* 
ethyl sulfate, 5 p.p.m. Bacterial isolate cm. ‘ 
Present None 2a 
Absent None 242 
Present B-1 Ons 
Absent B-r DNs 
Present B-r1 Oni 
Absent B-11 2a5 
Present B-1o si 
Absent B-10 Bets 


* Average primary cucumber root length for so seed. 


The responses of cucumber primary roots to the activated form of the 
herbicide induced by pure cultures of B-1 and B-rr were the typical swell- 
ing and marked stunting of growth. These qualitative manifestations con- 
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firmed the quantitative root length measurements. Culture B-1 was 
identified as Bacillus cereus var. mycoides (Fliigge) Smith, Gordon, and 
Clark. Standard bacteriological procedures were followed for identification 
of the organism. Results of these may be summarized as follows: gram- 
positive rods 1.0 micron to 1.2 microns by 3.0 microns to 5.0 microns; 
rhizoidal growth on nutrient agar slants; loss of rhizoidal characteristic in 
nutrient broth; gelatin liquefaction rapid; negative fermentation tests on 
xylose and arabinose; positive on sucrose and glucose; positive Voges- 
Proskauer reaction; positive starch hydrolysis; nitrites produced from ni- 
trates. 

The nature of the bacterial action on sodium 2-(2,4-dichlorophenoxy)- 
ethyl sulfate and the steps involved in its transformation to an active 
plant growth regulator were also investigated. One of the first questions 
that arises in such a study is whether the transformation is accomplished 
within, or external to, the bacterial cell. This was studied by obtaining cell- 
free filtrates of nutrient broth in which Bacillus cereus var. mycoides had 
been grown for 24 hours. Broth cultures of the organism were passed 
through a Morton bacteriological filter. The resulting filtrate was tested 
for sterility by transfer of a drop to a nutrient agar slant. These cell-free 
preparations were then tested for their action on sodium 2-(2,4-dichloro- 
phenoxy )ethy! sulfate. Results obtained in such an experiment are listed 
in Table II. 

TABLE SII 


EFFECT OF CELL-FREE FILTRATES OF BACILLUS CEREUS VAR. MYCOIDES 
IN ACTIVATING SODIUM 2-(2,4- DICHLOROPHENOXY)ETHYL SULFATE 


Concentration of Cucumber root 


Treatment | chemical, p.p.m. length,* cm. 
5 0.6 
Filtrate +chemical Ole | 1.0 
0.05 Thai 
: 5 23g 
Chemical alone Ones 2.2 
0.05 2.3 
; 5 Ges 
Autoclaved filtrate-+chemical 0.5 21.3 
0.05 2.5 
Filtrate alone | == 2,0 


Water control = | 2.2 


* Average primary cucumber root length for 50 seed. 


Since the pH of the filtrates used above was established to be 8.3 to 
8.5 acid hydrolysis obviously cannot be considered the significant reaction 
in this case. The chemical was converted to its active form when it came 
into contact with filtrates of nutrient broth cultures of Bacillus cereus var. 
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mycoides, but conversion did not occur if these filtrates were previously 
autoclaved for r5 minutes at 15 Ib. pressure. Since neither the filtrate alone 
nor the chemical alone suppressed cucumber root elongation, it is concluded 
that a heat labile substance, secreted by Bacillus cereus var. mycoides into 
the nutrient broth medium, is capable of converting sodium 2-(2,4-dichloro- 
phenoxy)ethyl sulfate to an active herbicide. It is possible that an en- 
zymatic hydrolysis accounts for this conversion. This possibility is pres- 
ently being investigated and should yield considerable information con- 
cerning the action of soil microbes on sodium 2-(2,4-dichlorophenoxy)- 
ethyl sulfate. 
SUMMARY 


Bacillus cereus var. mycoides (Fliigge) Smith, Gordon, and Clark is 
effective in converting sodium 2-(2,4-dichlorophenoxy)ethyl sulfate to an 
active plant growth regulator. 

Cell-free filtrates of nutrient broth cultures of the organism were capable 
of causing the conversion. Autoclaved cell-free filtrates were incapable of 
activating the compound. Apparently a heat labile substance, secreted 
by B. cereus var. mycoides into the nutrient broth medium, can cause bio- 
logical activation of sodium 2-(2,4-dichlorophenoxy)ethyl sulfate. The 
enzymatic nature of this activation is suggested. 
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DETECTION AND DETERMINATION OF 2,4-D AS A 
CONTAMINANT BY BIOLOGICAL METHODS 


P. W. ZIMMERMAN, A. E. Hircucock, AND HENRY KIRKPATRICK, Jr. 


2,4-Dichlorophenoxyacetic acid (2,4-D) is one of the most active plant 
growth regulants in use today. Because of its high degree of toxicity 2,4-D 
is commonly used as a herbicide. When being applied to weeds, accidental 
injury to neighboring crops frequently results from vapor or spray drift. 
Damage has also occurred where insecticides and fungicides were acciden- 
tally contaminated with 2,4-D. Contamination can result from the use of 
2,4-D spraying equipment which was not thoroughly cleaned before being 
used for insecticide or fungicide applications. It can also result from the 
use of reclaimed 2,4-D drums, not completely cleaned of 2,4-D, for packag- 
ing or mixing insecticide or fungicide formulations. Contamination is 
known to have resulted from storing volatile esters of 2,4-D together with 
agricultural formulations of insecticides, fungicides, and fertilizers. The 
cause of damage to crops is frequently difficult to diagnose and may call for 
special techniques. 

The purpose of this report is to describe the methods and results of 
biological tests involving the detection of minute amounts of 2,4-D alone 
and in known and unknown mixtures with other substances. 


MATERIALS AND METHODS 


Chemicals. The following compounds and formulations were used: the 
triethanolamine salt, and the isopropyl, butyl, and polyethylene glycol 
esters of 2,4-D; the triethanolamine salt of 2,4,5-trichlorophenoxyacetic 
acid (2,4,5-T); 2,2-bis(p-chloropheny])-1,1,1-trichloroethane (DDT) ; O,0O- 
diethyl O-p-nitrophenyl thiophosphate (parathion); and chlorinated cam- 
phene (toxaphene). These materials were used alone and in mixtures with 
2,4-D. Concentrations of 2,4-D and 2,4,5-T are expressed as percentages of 
the free acid equivalent on a volume basis. Concentrations of the other 
materials are expressed as percentages of the materials on a volume basis. 

Test planis. Greenhouse-grown Bonny Best tomato plants (Lycoperst- 
con esculentum Mill.) four to five inches in height with four well-developed 
leaves were used as the standard test plants. Greenhouse-grown Delta Pine 
cotton (Gossypium hirsutum L.) plants at various stages of growth were 
included in some of the tests as representative of a crop plant especially 
sensitive to 2,4-D. Numerous other plant species, including weed, woody, 
and crop plants which received doses of 2,4-D, are referred to in this report. 

Application techniques. Materials were applied to the test plants as 
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aqueous solutions, as vapors, or in lanolin. The aqueous solutions were ap- 
plied as sprays or as small measured drops according to the technique of 
Hitchcock and Zimmerman (3). The sprays were applied to the test plants 
with a deVilbiss hand atomizer at concentrations ranging from 0.0001 per 
cent to ro per cent. In the case of the tomato test plant approximately 
3 ml. of solution were applied per plant. Each preparation was applied to 
two or more plants. Measured volumes (0.01 ml.) of a test solution were 
applied to one or more leaflets or leaves of the test plants by means of a 
graduated o.1 ml. pipette. The concentrations of the test solutions ranged 
from 0.001 per cent to ro per cent, and the amount applied per plant ranged 
from o.1y to roooy. Applications of aqueous solutions of the materials to 
the root systems of the test plants were made by adding 20 ml. of solution 
per four-inch pot. Concentrations of the solutions used for soil applications 
ranged from 0.oo001 per cent to 1 per cent. 

Measured amounts of the materials were mixed with measured amounts 
of lanolin and then applied by means of a glass rod to the stem or petiole, 
or to both, of the test plant. In the case of the tomato plant the lanolin 
mixture was applied to the upper surface of the petiole of the third or 
fourth leaf above the base, and to the adjoining stem area. Concentrations 
of the materials in the lanolin ranged from 0.01 mg. per gram (0.001 per 
cent) to 10 mg. per gram (1 per cent). 

Vapors were applied to the test plants by placing 1 or 2 ml. of the test 
material on a watch glass under a bell jar with the plant. Exposures were 
for 2 hours at temperatures ranging from 110° to 120° F. and for 16 hours 
at temperatures ranging from 70° to 80° F. Considerable difficulty was en- 
countered in cleaning the bell jar after exposure to high volatile esters. 
Therefore, a bag technique (1) was used wherein five o.o1 ml. drops of the 
test material were added to filter paper, and this, together with the test 
plant, was enclosed in a paper bag for 16-hour exposures at 70° to 80° F. 
and for 2-hour exposures at 110° to 120° F. Control plants were enclosed 
in paper bags in a similar manner except that 0.05 ml. of distilled water 
was added to the filter paper. In addition, uncovered control plants were 
placed next to the sealed bags. After treatment each bag was carried to 
the laboratory hood where the plant was removed and the bag was de- 
stroyed. Treated plants not showing curvature responses within 48 hours 
were transferred to the greenhouse for further observation, particularly 
with reference to the development of modified leaves. This method reduces 
the possibility of contamination which frequently occurs with bell jars. 


RESPONSE OF TEST PLANTS 


The various formative effects induced by 2,4-D on tomato plants de- 
pended upon the concentration, age of the plant, and the method of ap- 
plication (Table 1). Many other chemical compounds induce formative re- 
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TABLE I 


THRESHOLD CONCENTRATIONS (PER CENT) OF 2,4-D FOR INDUCING 
DIFFERENT RESPONSES ON TOMATO PLANTS BY VARIOUS 
METHODS OF TREATMENT 


Methods of application 
Responses : 
pe Foliage o.or Ml, Revi 20 MI. 
spray drop eu to soil 

Modification 0.0001 0.001 0.001 0.0001 
Leaf bending ©.0005 0.005 0.01 0.0001 
Stem bending ©.OOI 0.01 0.01 0.001 
Proliferation 0.005 0.025 Oo It 0.01 
Stunting 0.01 O.1 O.T 0.01 
Killing O.1 10.0 I.0 Ont 


sponses on tomato plants which might be confused with those induced by 
2,4-D. Some of these are listed in Table II. Substituted phenoxy and ben- 
zoic acids are particularly effective for inducing formative effects involving 
modification of the pattern of leaves, stems, and fruit (5, 6). The two 
growth-regulating compounds most widely used today as herbicides are 
2,4-D and 2,4,5-T. 2,4-D is the most active when considered from a concen- 


TABLE VI 


EXAMPLES OF ACTIVE AND INACTIVE SUBSTANCES FOR MODIFICATION 
oF Tomato LEAVES 


Active acids Inactive acids and insecticides 
a-Naphthoxyacetic Indoleacetic 
p- Naphthoxy acetic Indolebutyric 
o-Chlorophenoxyacetic a-Naphthaleneacetic 
p-Chlorophenoxyacetic B-Naphthaleneacetic 
2,4-Dichlorophenoxyacetic Monochloroacetic 
2,4,6-Trichlorophenoxyacetic o-Chlorophenoxy propionic 
2,5-Dichlorobenzoic 2,4-Dichlorophenoxy propionic 
2. a Dichlorobenzoic 2,4,5- lrichlorophenoxyacetic 
2,3, 5-Triiodobenzoic 2,4-Dichlorophenoxyethyl sulfate** 
2,3,6-Trichlorobenzoic (ONO 
Maleic hydrazide* Parathion 

Toxaphene 


* Diethanolamine salt. 7 ; 
** Active for modification only when applied in the presence of soil. 


tration standpoint. 2,4,5-T differs from 2,4-D in that it does not cause 
modification of leaves of tomato and cotton. Both substances cause cell 
elongation resulting in stem and leaf curvatures, proliferation of the stem, 
growth inhibition, and killing if the dose is great enough (Fig. 1). The 
modification induced on cotton plants (Fig. 2) by 2,4-D resembled that 
induced on tomato (Fig. 3 A) in that the leaflets or leaves were dwarfed, 
the venation became pronounced due to clearing of the veins, and the 
marginal leaf pattern varied from the normal. Parathion, DDT, and toxa- 
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FiGuRE 1. Response of Bonny Best tomato plants to known concentrations of 2,4-D 
and to insecticides contaminated with 2,4-D. Appearance of plants two days after spraying 
with (left to right) (A) 0, 0.0001, 0.001, 0.01, and o.1 per cent 2,4-D; and (B) 0, 0.001 per 
cent 2,4-D, toxaphene-DDT formulation diluted to 1 per cent, toxaphene-DDT formulation 
diluted to 5 per cent, and o.o1 per cent 2,4-D. 


phene alone induced no growth regulatory or formative effects on either 
tomato or cotton plants. Undiluted preparations of all three substances, 
however, were toxic when applied to leaves. The responses induced by mix- 
tures containing 2,4-D and either DDT, parathion, or toxaphene were the 
same as those induced by 2,4-D alone, showing that the insecticides did not 
affect the capacity of 2,4-D to induce formative effects. 

Vapors from the isopropyl or the butyl] esters of 2,4-D induced the same 
type of formative effects on the test plants as those induced when 2,4-D 
acid or salt were applied by other methods. The volatility varied with the 
form of 2,4-D used and the temperature at the time of treatment. Exposure 
of the plants for 24 hours at 70° to 80° F. to vapors from the isopropyl] or 
the butyl ester induced pronounced formative effects as compared to none 
induced by vapors from the acid, triethanolamine salt, or polyethylene 
glycol ester for the same length of exposure. Exposure for 2 hours at 110° 
to 120° F. to vapors from the acid or the triethanolamine salt of 2,4-D did 
not induce any formative effects. Slight formative effects were induced by 
the polyethylene glycol ester at the higher temperatures. However, the de- 
gree of response was considerably less than that induced by the isopropyl 
or butyl ester at the lower temperatures. Vapors from DDT, parathion, or 
toxaphene induced no formative effects on the test plants. 


1952] ZIMMERMAN ET AL.—DETECTION OF 2,4-D 443 


FIGURE 2. Leaves and flower bud of Delta Pine cotton plants three weeks after spraying 
with (A) toxaphene-DDT formulation (contaminated with 2,4-D) diluted to 5 per cent; 
(B) 0.001 per cent 2,4-D; and (C) non-treated controls. 
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FIGURE 3. Effect of 2,4-D on tomato and cotton. A. Normal tomato leaf at left with 
increasing degrees of modification up to a pronounced type at right. B. Four-week responses 
induced by 2,4-D sprays on two-month-old Delta Pine cotton plants. Left to right: control, 
0.001, 0.01, and o.1 per cent. 
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FIGURE 4. Modified leaves induced by 2,4-D spray drift. A. Normal leaves above and 
modified leaves below. Left to right: A. Rubus sp., Fraxinus americana L., Eupatorium 
purpureum L., and Vitis sp. B. Normal leaves on left, modified leaves on right. Cornus 
florida above, and Atlanthus glandulosa below. 
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SPECIES OF PLANTS SHOWING LEAF MODIFICATION AFTER EXPOSURE 


TO SUB-LETHAL DosEs OF 2,4-D 


Herbaceous weeds 


Cultivated annuals 


Woody ‘plants 


Bindweed (Convolvulus sp.) 

Cocklebur (Xanthium spino- 
sum L.) 

Dandelion (Taraxacum offi- 
cinale Weber) 

Dock (Rumex sp.) 

Hawkweed (Hieracium sp.) 

Joe-Pye-weed (Eupatorium) 
purpureum L.) 

Mallow (Malva sp.) 

Nightshade (Solanum sp.) 

Plantain (Plantago sp.) 

Pokeweed (Phytolacca decan- 
dra L.) 

Ragweed (Ambrosia sp.) 

Self-heal (Prunella vulgaris 
L:) 


Bean (Phaseolus vulgaris L.) 


Cosmos (Cosmos bipinnatus | 


Cav.) 

Cotton (Gossypium hirsu- 
tum L.) 

Cucumber (Cucumis sativus 


.) 
Eggplant (Solanum melon- 
gena L.) 
Marigold (Tagetes erecta L.) 
Okra (Hibiscus 


Petunia (Petunia axillaris 


am.) 
Phlox (Phlox paniculata L.) 
Potato (Solanum tuberosum 


Sunflower (Helianthus an- 
nuus L.) 

Tomato (Lycopersicon escu- 
lentum Mill.) 

Zinnia (Zinnia sp.) 


esculentus | 


Apple (Pyrus malus L.) 

Ash (Fraxinus americana L.) 

Birch (Betula sp.) 

Blackberry (Rubus sp.) 

Dogwood (Cornus florida L.) 

Elderberry (Sambucus. cana- 
densis L.) 

Elm (Ulmus sp.) 

Grape (Vitis sp.) 

Honeysuckle (Lonicera ja- 
ponica Thunb.) 

Maple (Acer sp.) 

Mulberry (Morus sp.) 

Poison ivy (Rhus toxicoden- 
dron L.) 

Rose (Rosa sp.) 

Sumac (Rhus sp.) 

Tree. of Heaven (Azlanthus 
glandulosa Desf.) 

Trumpet creeper (Campsis 
radicans Seem.) 

Willow (Salix sp.) 

Wisteria (Wisteria sp.) 


Many other species of plants showed formative effects when treated 
with 2,4-D (Fig. 4). Some of the more common crop, weed, and woody 
plants that are sensitive to 2,4-D are listed in Table III. 

The decreasing order of sensitivity for the different responses was: leaf 
modification, leaf bending, stem bending, stem proliferation, and killing. 
The degree of response was dependent upon the dose of 2,4-D applied, and 
this dose was determined by the concentration and the method of applica- 
tion (Table IV). For example, it required a minimum dose of approxi- 
mately 3 ml. of a 0.0001 per cent 2,4-D solution which is equivalent to 37 


TABLE: TV: 


DEGREE OF RESPONSE INDUCED BY DIFFERENT AMOUNTS OF 2,4-D 
APPLIED TO ONE LEAFLET OF A TOMATO PLANT 


Relative degree of response 
72,4-D 
per plant | Modifica- Leaf Stem Prolifera- Stunt- Kill- 
tion bending bending tion ing ing 
1000 S| orarsecese |) eeaeqear || sPSroesear |) aearceae | G=n© Gaye 
T00 fe) Pann i ped Sle staptetiias |Sestaterat eet ar fo) 
$e) stat sleagheagl aectecte siialvstmals fe) ° 
I SRA ae ae te ae fo) ° ° 
O.1 ain ° fo) ° ° ° 
+=Trace, ++=slight, +-+-+=moderate, +++-+-=pronounced, +++++ 


=very pronounced. 
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of 2,4-D to induce modification on a tomato plant when the material was 
applied as a foliage spray. In contrast, it required only o.1y of 2,4-D to 
induce similar modification when a 0.01 ml. drop of a 0.001 per cent 2,4-D 
solution was used. With the soil method of application it required 20 ml. 
of a o.ooor per cent 2,4-D solution or 20y of 2,4-D to induce modification. 

Cotton plants showed practically the same degree of sensitivity to 2,4-D 
as tomato plants. Effects of 2,4-D sprays applied at concentrations ranging 
from 0.0001 per cent to 0.1 per cent to three-month-old Delta Pine cotton 
plants varied from leaf modification induced by the lowest concentration 
to severe injury induced by the highest concentration. 2,4-D induced modi- 
fication of organs, stem proliferations, stunting, leaf and bud injury, and 
killing on both cotton (Fig. 3 B) and tomato plants. Growth of cotton 
plants was inhibited within a few days after treatment by a 0.001 per cent 
2,4-D spray, and flower buds were killed within ro days if sprayed with a 
0.01 per cent 2,4-D spray. A o.oo1 per cent 2,4-D spray on immature 
squares of cotton resulted in malformed flowers and bolls. Cotton seedlings 
treated by the drop method with ry of 2,4-D developed very pronounced 
leaf modification within one month. All growth responses except modifica- 
tion of organs were induced on cotton plants by various doses of 2,4,5-T. 

Surveys of vegetation were made in various sections of the country 
when it was suspected that plants had been accidentally exposed to 2,4-D. 
Responses similar to those induced by known 2,4-D applications were 
found on plants not intentionally treated with 2,4-D growing in agricul- 
tural areas (cotton fields, sugar plantations, and tomato fields), around 
factories formulating 2,4-D herbicides, and in cities and towns where 2,4-D 
herbicides were used in weed control programs. The growth responses re- 
sulted from 2,4-D contamination of insecticide formulations during manu- 
facture, formulation, storage, or application (including spraying equip- 
ment), from 2,4-D spray drift during spraying operations in nearby areas, 
or from air pollution caused by 2,4-D vapor. 


DISCUSSION 


It has been reported that a number of chemical compounds, when ap- 
plied in mixtures with 2,4-D, reduced or increased the effectiveness of 
2,4-D (3). Results in this report are concerned with equivalencies based on 
the degree of response induced by known amounts of 2,4-D alone as com- 
pared to the degree of response induced by 2,4-D in a mixture. A compari- 
son of the responses induced by the 2,4-D on the test plants with those 
induced by the mixtures indicated that the responses of 2,4-D alone were 
similar to those of the 2,4-D induced by the mixtures (Fig. 1). It is the 
growth responses induced on the test plants with a mixture that are of 
practical importance. Amounts of 2,4-D as low as 0.0001 per cent in agri- 
cultural formulations were determined by the growth responses induced on 
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tomato and cotton plants. Modification of the pattern of leaves appears to 
be the most sensitive detectable response of plants to 2,4-D that can be 
measured quantitatively (3). 

Damage resulting from spray drift can be minimized or prevented by 
the use of especially designed spray equipment and caution on the part of 
those applying 2,4-D sprays. For example, both the airplane and the heli- 
copter are used in applying 2,4-D sprays. Results of applying 2,4-D sprays 
to water hyacinth (Eichhornia crassipes Solms.) by means of a helicopter 
were reported in 1950 (4, 7). Spray drift was limited to 25 feet or less due 
to the maneuverability of the helicopter and the downdraft (20 to 25 
m.p.h.) created by the overhead rotor blades which forces the spray drop- 
lets downward. In areas where precise control of the spray pattern is de- 
manded the helicopter would be preferable to the airplane. Regardless of 
the equipment used, wind conditions at the time of spraying, spraying 
pressure, and the rate of application (gallons per acre) used are important 
factors relating to the control of 2,4-D spray drift. 

Damage resulting from vapor drift can be minimized or prevented by 
the use of low volatile forms of 2,4-D. For example, the acid, a salt, or a 
low volatile ester formulation should be used in preference to the highly 
volatile ester formulations in areas where other plants sensitive to 2,4-D 
are growing. 

Damage resulting from 2,4-D contamination of insecticide or fungicide 
formulations can be minimized or prevented by avoiding the use of 2,4-D 
spraying equipment to apply an insecticide or a fungicide and empty 2,4-D 
drums or containers for packaging or mixing insecticide or fungicide sprays. 
It is difficult to wash all of the 2,4-D out of spraying equipment or metal 
containers. 

When this manuscript was ready for the press, it came to our attention 
that Hall and Johnson (2) had reported on a bio-assay method to detect 
contamination of insecticides involving the cotton plant as a test object. 
Their findings and recommendations are similar to that portion of our 
paper involving the cotton plant. 


SUMMARY 


Methods involving the use of tomato and cotton plants are described 
for the detection and determination of 2,4-D in unknown solutions, mix- 
tures of 2,4-D and other growth regulants, and commercial formulations. 
Materials were applied to test plants as aqueous solutions, as vapors, and 
in lanolin. The principal responses induced on test plants were modification 
of leaves, curvature of leaves.and stems, proliferation and killing of tissue. 
The modification of leaves was the most sensitive response. Amounts of 
2,4-D as low as 1 p.p.m. were'detected in mixtures» with 254,5-T, DDT, 
‘parathion, and toxaphene. Formulations of insecticides contaminated with 
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2,4-D induced the same responses on tomato and cotton plants as were in- 
duced by 2,4-D. 

In practice the typical modification of leaves and other growth re- 
sponses of many wild species and horticultural types were found useful in 
detecting the presence of 2,4-D. The source of contamination was traced 
to insecticides, spray equipment, polluted air around factories, warehouses, 
and where herbicides had been used. 
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THE INSECTICIDAL ACTIVITY OF THE ETA ISOMER 
OF 1,2,3,4,5,6-HEXACHLOROCYCLOHEXANE 


R. C. Back! 


The announcement of the insecticidal properties of 1,2,3,4,5,6-hexa- 
chlorocyclohexane, hereafter referred to as benzene hexachloride, in 1945 
(7) was accompanied by data on the relative activity of the four known 
stereoisomers. The fact that the gamma isomer was much more highly in- 
secticidal than the alpha, beta, or delta isomers has been substantiated by 
numerous workers (1, 4, 5, 6). The fifth isomer, epsilon, was isolated in 
1947 (2) and has since been found to be insecticidally inactive (5, 6). The 
recent discovery of the eta isomer by Kolka, Orloff, and Griffing (3) 
aroused interest in its insecticidal potentialities, and a few tests were made 
on the house fly, Musca domestica, L., the yellow-fever mosquito, Aedes 
aegypti (L.), the German cockroach, Blatella germanica (L.), and the con- 
fused flour beetle, Tribolium confusum Duv. The results of tests against 
these species with the alpha, gamma, delta, and eta isomers of benzene 
hexachloride, and with different insecticides, are presented in this report. 


MATERIALS AND METHODS 


The alpha, delta, and eta isomers of benzene hexachloride were 
supplied in pure form by the Ethyl Corporation. Lindane (gamma 
I,2,3,4,5,0,-hexachlorocyclohexane), DDT [1,1,1-trichloro-2,2-bis(p-chloro- 
phenyl)ethane], TEPP (tetraethyl pyrophosphate), and chlordane 
(1, 2,4, 5,6, 7, 8, 8-octachloro- 2, 3, 3a, 4,7, 7a-hexahydro-4, 7-methanoindene) 
were obtained from the Wisconsin Alumni Research Foundation as 
Standard Reference Insecticides of the American Association of Economic 
Entomologists. Reported assays on these materials were: Lindane, 100 per 
cent; DDT, 77.2 per cent (technical); TEPP, 40 per cent; and chlordane, 
60 to 75 per cent (technical). Pyrethrum was obtained as a 20 per cent 
extract of pyrethrins in petroleum oil, while the technical grade benzene 
hexachloride was a laboratory sample of unknown origin. 

Although only 300 mg. of eta isomer were available, it was desirable to 
evaluate this material against a representative group of insect species. For 
this reason small insect populations were used and few replications were 
made. Three tests were run on each species; tests included two to five con- 
centrations of each test chemical. 

Mosquito larva test. Fourth instar larvae were tested in distilled water 


1 Entomologist, Ethyl Corporation Project, Boyce Thompson Institute for Plant Re- 
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to which the toxicants had been added as acetone solutions. The final test 
preparations contained not more than 1 per cent acetone, 25 larvae per 
replicate, two replicates per test, and were held at room temperature for 
48 hours. Only those larvae unable to display any movement whatsoever 
were considered dead at the end of the exposure period. The check groups, 
which were treated with solutions of acetone in water equivalent to those 
used in the toxicant preparations, exhibited no mortality. 

House fly test. Adult flies, five to seven days old, were exposed to res- 
idues obtained by evaporating acetone solutions of the toxicants on the 
inside of large test tubes (3 X20 cm.). The flies were inactivated by cold 
during transfer to the tubes. Food was supplied as sugar solution in cotton- 
stoppered vials (1 X 8 cm.) which were wired in place inside the larger test 
tubes; cheesecloth tops completed the caging. The tubes were held in a 
ventilated laboratory hood for 24 hours. Flies unable to walk after this ex- 
posure were considered dead. Each test consisted of one replicate of each 
treatment using a sample size of 25 flies. There was no mortality in the 
treated controls. 

Cockroach test. Adult males of the German cockroach, eight weeks old 
from hatching, were anaesthetized with carbon dioxide and dipped in the 
formulated toxicants. Formulations were prepared by adding an emulsifier? 
to acetone solutions of the test materials, which were then diluted with 
water so that the final acetone concentration never exceeded 5 per cent. In 
subsequent dilutions the emulsifier concentration was maintained at its 
original strength of 0.02 per cent. The dipping time was ro to 15 seconds 
at 27° C. The roaches were maintained at 27° C. in open containers with- 
out food or water for 48 hours. Insects which were unable to demonstrate 
normal coordinated walking movements after the exposure period were 
considered dead. Each test treatment consisted of two replicates of ten 
roaches each. The control roaches that were dipped in solutions containing 
5 per cent acetone and 0.02 per cent emulsifier experienced 7 per cent mor- 
tality so data on the treated lots were corrected accordingly. 

Flour beetle test. Adult confused flour beetles of variable age were ran- 
domized and exposed to treated filter papers in 9 cm. Petri dishes. The res- 
idues on the filter papers were obtained by evaporation of 2 ml. of an 
acetone solution of the toxicant. These data were based on six-day read- 
ings, using immobility as the criterion of death, and were corrected against 
a 3 per cent check mortality. 


RESULTS 


In view of the variation in results between individual tests, which in 
some cases did not provide a single finite value on the log-probit scale, 


? Triton X-155, an alkyl phenoxy polyethoxy ethanol, Rohm & Haas Company, Phila- 
delphia, Pa. : 


1952] BACK—INSECTICIDAL AcTIvITy oF Eta BHC 453 


statistical analysis was not warranted. LD5o values based upon the criteria 
of death indicated above were estimated for each test from plots on log- 
probability paper and were averaged to obtain the values presented in 
Table I. The data demonstrate that the eta isomer of benzene hexachloride 
displays insecticidal activity equivalent to that of the alpha and delta 
isomers. From a practical standpoint the eta isomer of benzene hexachlo- 
‘ride may be considered non-insecticidal. 


TABLET 


INSECTICIDAL ACTIVITY OF FOUR ISOMERS OF BENZENE HEXACHLORIDE 
AND OTHER REPRESENTATIVE INSECTICIDES TO 
Four SPECIES OF INSECTS 


Average estimated LD 50 values* in p.p.m. against 
Material 
tested Musca Blatella Aedes Tribolium 
domestica germanica aegypti confusum 

Alpha BHC > 10,000 850 1,800 > 10,000 
Gamma BHC ie 2 B60 0.64 6.1 
Delta BHC 1,600 9,000 Ae7, > 10,000 
Eta BHC > 10,000 4,400 34 9,200 
BHC 3-3 13 Dio R 245 
DDT | 6.5 205 0.009 54 
Chlordane | 1.7 7.0 Bo & 17 
Pyrethrins 66 40 0.08 75 
‘TEPP 6.1 23 ©) Gls — 


* Values for BHC, DDT, and chlordane were computed on the basis of technical grade 
products; other materials on a 100 per cent active ingredient basis. 


SUMMARY 


The results of tests against four species of insects with the newly dis- 
covered eta isomer of 1,2,3,4,5,6-hexachlorocyclohexane, with other iso- 
mers, and with representative insecticides, are presented in this report. 
From a practical standpoint the eta isomer may be considered non-insecti- 


cidal. 
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EFFECTS OF IRREGULAR SEX RATIOS ON GROWTH 
RESPONSE DATA FROM NUTRITIONAL ASSAYS 
UPON=BLATTELLA GERMANIGA (L,}! 


JouN D. HILCHEY AND ROBERT L. PATTON? 


INTRODUCTION 


The German cockroach, Blattella germanica (L.), like many other ani- 
mals, shows sex differences in its growth response to diets used in nutri- 
tional studies (1, 3, 7, 8). Pettit (7) and House (4, 5, 6) have indicated that 
the average sex ratio of this species is close to unity. Therefore, it has been 
assumed by most workers in the field that sex ratios contributed no bias 
to their results. Woodruff (8) has suggested that data taken after the ma- 
turity of the roaches might be adjusted in order to minimize any possible 
bias due to variation in the sex ratio. However, to the authors’ knowledge, 
no one has practiced such an adjustment. 

In the course of nutritional assays upon Blattella germanica studies were 
made of the relation of sex to weight, the variation in the sex ratio of groups 
of cockroaches selected for assay, and the effects of these two factors upon 
the analysis of nutritional data. Data are presented in this report both to 
illustrate the false conclusions which may be drawn from data derived from 
small samples of roaches, and to demonstrate that by analyzing the data 
separately for the two sexes the effects of irregular sex ratios may be 
avoided. 

EXPERIMENTAL PROCEDURE 


The assays were carried out according to the methods described by 
House (4, 5, 6). Individual cockroaches were reared under aseptic condi- 
tions until death occurred or maturity was attained. Their weights deter- 
mined at weekly intervals were used as the index of growth. In addition, 
the sex and the dates of hatching, moulting, and maturity were recorded 
for each insect. Tests of asepsis were performed on each individual so that 
those contaminated during the assay could be eliminated from further con- 
sideration. 

Statistical analyses were carried out by the methods of Student’s ‘“‘t 
test (2); comparisons were drawn between the control diet and one of the 


” 
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test diets which illustrate both the effect of an irregular sex ratio upon 
analysis and the means by which this effect may be nullified. 

Since the present experiment is concerned only with illustrating the ef- 
fect of irregular sex ratios upon the analysis of nutritional data, the actual 
composition of the diets used is a secondary consideration. Therefore the 
statistical evaluations were limited to those diets which contribute to the 
understanding of the present problem. 


RESULTS AND DISCUSSION 


Data are presented in Table I illustrating the differences between the 
weights of male and female B. germanica during the first twelve weeks of 
life. Since none of these roaches were contaminated, the differences in rate 
of growth may be attributed to the greater capacity for growth which is 
characteristic of the female. It will be noted that there was a gradual in- 


TAB EES 


DIFFERENCES BETWEEN WEIGHTS OF MALE AND FEMALE BLATTELLA 
GERMANICA REARED ON THE CONTROL DIET 


<n of Mean weight (in mg.) of cockroaches Difference 
cockroaches, in weight, 
weeks | Male Female mg. 
I De (i aeXoyn Re Baw Os it = Op il 
2 ths 2) SEY?) Aue Tisatal O12 — Orel 
3 Oa) s2Os 5 O36 aOR ap @5§ 
4 Fake) ane. 6 8.50.5 AAO 
5 | Tigo Se)r(0) TET O = On OG =P © 8 
6 | ls Oa Tn 8 16.9+0.6 + 2.3* 
7 | eS eyAtetenees HO) SB Se oS a On) 
8 | oes Pye Mg are ap oho yf 
9 32-442.9 36.542.7 ap Hho 
IO BD SOD D 48.0+3.6 +-13).387* 
II AZE OE TO COmiete2 0) +14.1** 
12 42-01. 4 64.643.4 2h 


* Difference is significant at odds of 19:1. 

** Difference is significant at odds of 99:1. 
crease in the difference between the mean weekly weight of males and the 
mean weekly weight of females throughout the first nine weeks of assay. 
Differences first became highly significant in the tenth week of assay. The 
apparent significance of the difference in the sixth week may be classed as 
sampling variation. 

Table IT shows that the over-all sex ratio approximates unity; however, 
it may depart radically from this value within a group of roaches selected 
from several capsules for use in the evaluation of a single diet. Likewise, 
the sex ratio within the group of roaches comprising the ‘‘hatch’’ from a 
single egg capsule may vary within wide limits. Diet No. 1 and capsule 
“E” are excellent examples. Limitations are imposed by the number of 
cockroaches available from each capsule as well as by the number of diets 
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which must be run at the same time. Therefore each assay of a diet must be 
carried out with a small number of cockroaches selected from a relatively 
small number of capsules. Accidental deaths may increase the variation in 
the sex ratio. Multiple replications of diets would reduce the variation of 
the sex ratio, but the limitations of time, space, and cost prohibit the use 
of such a technique in this type of nutritional study. 

The data in Table III demonstrate the biasing effect of an irregular sex 
ratio upon the results of a statistical analysis. It also demonstrates the re- 


TABLE II 
SEx DISTRIBUTION OF BLATELLA GERMANICA USED FOR NUTRITIONAL ASSAYS 
As Hatched from Capsules 


Capsule 
Sex 
A B € D E F Total 
Males | 13 16 12 13 8 10 72 
Females 9 | a 10 12 17 14 690 
Ratio of males 
to females 1.44 PAG) I.20 1.08 0.47 Omar ©.96 
As Distributed to Diet 
Diet 
Sex 2 
Control | I 2 3 Za 5 Total 
| ir 
Males bite — oll 50. 12 | 8 | II 12 72 
Females | 14 fe Ve erie “| 4 t2 | 1 1 69 
Ratio of males | | | | | 
to females | esr || Batt | seatere | 0.67 | 0.85 I.00 0.96 


medial effect of a more critical evaluation of the data. When the data ob- 
tained from male and female cockroaches were analyzed collectively, the 
difference between the mean weights of insects fed different diets was 
found to be significant. This conclusion is shown to be in error when data 
derived from males and females are considered separately. The large pro- 
portion of males on diet No. 1 was sufficient to reduce the mean weight 
significantly. The data in Table III also show that the difference between 
the mean weights of the roaches fed on the control and No. 1 diets is not 
significant in the eighth week. This is due to the fact that the difference in 
the mean weights of the sexes did not become significant until after the 
eighth week of assay. 

An irregular sex ratio increases the experimental error of a dietary assay 
beyond the level inherent in a nutritional trial. This increase in the experi- 
mental error may not be significant when the differences between the 
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weights of the animals fed the control diet and the weights of those fed test 
diets are sufficiently large. However, the sex ratio must be considered when 
differences are of small order only. 

It has been suggested by some workers that in order to avoid the bias 
imposed by sex upon statistical comparisons, the data used should be taken 
only in a period before the time when sex differences become significant. 
Since the greatest portion of growth takes place during late nymphal and 
early adult life, the effects of nutritional deficiencies may not be reflected 


TABLE III 


STATISTICAL ANALYSIS OF THE WEIGHTS OF BLATTELLA 
GERMANICA REARED ASEPTICALLY 


8th Week data 12th week data 
Diet Datum Collective Collective | Grouped | Grouped 
analysis analysis males females 
Mean weight in milli- 
grams 25.5 ise at 42.9 64.6 
Control diet | Standard error Te; 2.9 Tet Boel 
Number of insects 25 25 II 14 
Mean weight in milli- 
grams 22.8 46.4 Wee 59-4 
Diet No. I | Standard error 52) 2.4 1.8 Be 
Number of insects 25 25 18 7 
Difference between means in milli- 
grams —2.7 —8.7* —1.6 —5.2 


* Difference is significant at odds of 19:1. 


statistically in the growth until late in nymphal life. Only by comparing 
the performances of males and females separately may the bias due to sex 
be avoided while allowing adequate time for the proper assay of a diet. 
It may be pointed out in Table III that although the standard error of 
the grouped males for the tenth, eleventh, and twelfth weeks of growth is 
less than that of the ungrouped data, the standard error of the grouped 
females is greater than that of the ungrouped data. Properly interpreted, 
the statistics of the data grouped according to sex emphasize: first, there 
are significantly different norms for the weights of male and female B. 
germanica ; and second, the males range less in weight than do the females. 
It is clear that the data not grouped according to sex and which were ob- 
tained during either the ninth, tenth, eleventh, or twelfth week of assay 
are not homogeneous within diets. Therefore, the use of a single mean and 
standard error for each diet is misleading. A true picture of the homoge- 
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neity of such data may be presented only by the use of separate means and 
standard errors for male and female B. germanica. 


SUMMARY 


Female Blattella germanica (L.) were significantly heavier than males 
from the same population reared for twelve weeks under the same standard 
conditions. A positive trend first appeared during the third week and be- 
came highly significant in the tenth week. In dealing with aseptic nutri- 
tional assays upon B. germanica small test populations must be used; under 
these conditions sampling errors produced variations in the sex ratio of 
males to females of from 2.57 to 0.67. When data subject to these variations 
are analyzed without due consideration, erroneous conclusions may be 
drawn. The errors due to sampling may be avoided by evaluating the per- 
formances of males and females separately. 
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AN ELECTRICAL MOISTURE METER FOR THE DETERMI- 
NATION OF MOISTURE IN COFFEE BEANS! 


LELA V. BARTON AND A. GOENAGA 


The consistent preparation of high quality green coffee (Coffea arabica 
L.) is a matter of vital concern to the coffee industry. According to John- 
ston and Foote (2) the process depends on the substitution of controlled 
pectic enzyme action for spontaneous fermentation, and substitution of 
rapid drying for slow and inefficient drying. The method of drying and the 
amount of moisture present in the seeds is also of importance in their re- 
tention of viability in storage (4). 

Perhaps the most extensive research on coffee is being done at the pres- 
ent time in Brazil at the Instituto Agronomico de Campinas. A detailed 
description of this work together with a bibliography has been published 
by Ramirez Bermudez (3), who gives the different drying methods cur- 
rently in use. Formerly all coffee was dried in drying yards and required 
from ro days to 3 weeks and much labor. Now artificial drying systems are 
being introduced, shortening the drying time to a few hours. The combi- 
nation of the shortened time and the higher temperatures for drying makes 
the recognition of the end point of drying much more critical. No infor- 
mation is available, however, on methods of determining the actual mois- 
ture content of the coffee berries or seeds. A standard method, especially 
one which could be used easily under field conditions as well as in the labo- 
ratory for determination of the moisture present in fruits or seeds, would 
be a big step forward in producing a commercial product of uniform 
quality. It was thought that the Universal Electric Moisture Tester might 
meet these requirements. 

Consequently an experiment was designed to test the reliability of this 
instrument. The data obtained showed that when the moisture content of 
coffee in ‘‘coco”’ is within the range of 10 to 23 per cent of the dry weight 
of the coffee, the Universal Moisture Tester may be used satisfactorily. 


MATERIALS AND METHODS 


The coffee in ‘‘coco’’ used in these tests was shipped by air express from 
Sao Paulo, Brazil, through the courtesy of Dr. F. P. Mehrlich of Inter- 
national Basic Economy Corporation, and was received in this laboratory 
on September 13, 1951. It should be pointed out that coffee in ‘‘coco” is a 


1 This experiment was sponsored by the Burrows Equipment Co., Evanston, Illinois, 
and Sheldrick Manufacturing Co., Upper Sandusky, Ohio. 
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heterogeneous mixture of whole fruits, broken fruits, clean seeds and 
fruit coats, with whole fruits comprising most of the mixture. The mixture 
was used as received since it is this form which is most often marketed and 
for which moisture determinations are desired. The non-uniformity of the 
material undoubtedly increased the sampling error, but results were fairly 
consistent as will be seen from the data presented Bots The seeds were of 
the Red Bourbon variety. 

The first step in the procedure was to adjust the moisture content of 
various samples, so that they represented a range comparable to that 
which might be of interest to the coffee industry. This was done at first by 
placing samples at laboratory temperature in desiccators over different 
solutions giving a range in relative humidity. However, this method did 
not prove practical for coffee in ‘‘coco’”’ since mold appeared before the 
time necessary for equilibrium moisture adjustment had elapsed. 

Successful moisture adjustment was secured by placing weighed lots of 
400 grams each in a 5° C. room, the atmosphere of which was saturated 
with moisture. A previous moisture determination in a vacuum drying 
oven of the source lot for the samples had shown about 12 per cent mois- 
ture. From this figure, then, it was easy to calculate the approximate de- 
sired weights of the 400-gram samples. For example, an increase to 408 
grams would indicate the attainment of about 14 per cent moisture con- 
tent. In other samples, higher moisture contents could be secured. 

For moisture contents below 12 per cent, drying was necessary. Again, 
400-gram lots were weighed and dried over calcium oxide in a desiccator or 
in a vacuum oven at 73° C. to the approximate desired weight. 

In this way a range of moisture contents from about 5 to about 35 per 
cent was secured. The desired weights were obtained after a few days, or, 
in some cases, a few hours in the moist room or the dry desiccator or the 
vacuum oven. Thus, the fruits did not have time to mold. 

Immediately after the seed lot had attained the desired weight, it was 
placed in a bottle large enough for the lot, but with little extra space. The 
bottle was fitted with a screw cap, which was sealed with paraffin. The 
sealed bottles were then placed at 0.5° C. where they were allowed to re- 
main for from 25 to 49 days so that the moisture in the seed would be 
evenly distributed throughout the lots before actual moisture contents 
were determined. 

Before samples were taken for moisture determinations, the bottles 
were removed from the low-temperature chamber and allowed to come to 
laboratory temperature. No mold appeared on any of these lots at any time 
during the experimental period. 

Since coffee fruits contain a large percentage of oil, the procedure for 
moisture determination for a standard was not known. Tests were made 
on 17 different lots of seeds, where duplicate samples were dried for 48 
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hours in a vacuum oven at 73° C., and other duplicate samples for 22 
hours in a vacuum oven at roo° C. A limited number of samples were also 
dried in a forced draft oven at 47° C. for 42 and 66 hours. The last method 
removed only a small percentage of the moisture believed to be in the 
fruits. Data for the other two methods will be presented. It is believed that 
the drying in a vacuum oven at 100° C. gave a more accurate moisture de- 
termination than the lower temperature, since there was no evidence of 
“roasting’’ and the moisture percentages were somewhat higher than for 
the lower temperature. Also a vacuum oven at 105° C. has been found 
satisfactory for moisture determination of oily soybean seeds (1). Addi- 
tional work would have to be done to establish the best standard procedure 
for the determination of the moisture content of coffee fruits and seeds, but 
it is believed that the present results are of sufficient accuracy to be sig- 
nificant. For vacuum-oven moisture determinations, lots of seeds of ap- 
proximately 8 to 30 grams, depending upon the size of the weighing 
bottle, were weighed to the fourth place in grams on an analytical balance 
before and after drying. From these weights, the weight of water and the 
percentage moisture based on both wet and dry weights of the seeds were 
calculated. 

At the end of the storage period at 0.5° C., samples of ‘‘coco”’ lots were 
taken for vacuum-oven determination of moisture, at the same time that 
35-gram samples of the same lots were taken for testing in the Universal 
Moisture Tester. At a later time, measured samples of the same lots 
which had been resealed and replaced at 0.5° C. were tested in the Universal 
Moisture Tester. The volumetric measuring cup (85 ml.) for large grains 
supplied by Burrows Equipment Company was used. 

In the Universal Moisture Tester, the electrical component records the 
electrical resistance of a sample of known weight or volume compressed to 
a given thickness. This resistance varies with the moisture content of the 
sample and with the temperature. The temperature is recorded on a 
thermometer which has been built in the unit. A simple correlating dial 
allows compensation for temperature which is lined up with the meter 
reading after which the moisture per cent may be read directly on a third 
scale. No outside source of electrical supply is required since the instru- 
ment has a generator which is cranked by hand. This permits its use in 
both laboratory and field. 

RESULTS 

Moisture contents of 8 per cent or less could not be measured accurately 
using the Universal Moisture Tester. Results of tests with lots of higher 
moisture contents are shown in Tables I and II and in Figure t. 


In Table I measurements are given for some vacuum-oven moisture 
determinations and for samples used in the Universal Moisture Tester. 
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TABLE EA 


Per Cent Motsture IN DUPLICATE SAMPLES OF COFFEE IN ‘‘Coco”’ ADJUSTED 
TO DIFFERENT MOISTURE CONTENTS 


Universal Moisture Tester 


Vacuum oven, 


. basi 85 Ml. 
Hlty orks Basis 35-Gram samples ena 
©.700* 0.600* 0.500* o.500* 


o Min. | 5 Min. | o Min. | 5 Min. | o Min. | 5 Min. | 5 Min. 


-95 ~ 10.16 10.85 II.00 | I1.60 II.70 WP 0 12.20 Tae (ONS, 
SOF 10.12 10.90 10.95 | II.45 11.60 TG 12.20 11.85 


7 
8 
8.95 II .05 12055) UA OPE | eK iseele 1355 UA 5 5) Os 
8.92 10.91 12.65 As YAO. ||, BS.020) 13.20 13.60 Lee ye (Oae 12.50 


T2507 14.24 15.45 55) D507) 15.97 16.70 16.75 TE ONS 
12.55 14.01 14.65 14.70 I5.20 15.25 15-75 15.77 15.90 


iOm)5) a= 12.80 T2490 |e 131240 E350 302 LBc@L = 
10.17 = 12.45 U2 o sis 13.05 13.10 13.85 13.85 = 


12207, 14.67 15.70 Be Ws 16.60 16.60 17.40 17.40 16.40 
13}. LO 15323 6 BS HR EAKS) il SU)7%0) 16.20 17). 10 7p 5 UO) 17.00 


14.70 fg) 17.80 L7QOn | LS. 75 LORS 19.89 19.89 19.50 
14.60 16.85 175 T7HAOW || NLS TO 18.10 19.35 19.40 18.50 


14.84 18.45 18.10 17.90 | 18.90 18.95 19.90 19.90 19.95 
15.39 734 18.42 HORE || Uo ke 19.50 20.30 20.30 19.20 


16.56 19.86 18.00 17.90 | 18.70 18.70 19.75 19.80 20.90 
16.74 18.88 19.40 UO,2 || ZO. 20.20 2 TO Pt AD 20.90 


18.94 20.45 19.15 19.30 | 20.50 20.54 21.50 Die Sis 22.00 


57/9) 202s 19.70 19.90 | 20.82 20.82 22 2O 22.18 22.00 
19.34 20.63 19.80 19.90 | 21.00 21.00 or, WO) 22.19 23°. 10 
19.29 2s 21.40 Di | BQO 22.50 24.00 24.00 22.60 


Qi 23.76 22.30 22.40 | 22.00 23.60 25.19 25.19 24.60 
Die, Qt 23.62 PTS 22 OM E2330 23.30 DS M10) 25.10 26.40 


Dit AO) DEO 22.00 DSTO || Pio) 23.80 25.59 DBE. SO 26.20 
Dit YP PY SOV 22.60 22 00M 2A ZO DARD? 25.80 25.50 TiS) 


26.10 26.56 26.98 Dy Op) Bonz ZO. DY 34.10 34.10 — 
25.406 BGP XG 26.50 26.42 28.50 28.80 BO ADS Bees — 


ROSY 39.64 Bi PO) 34.90 | 40.20 
36.41 35-54 37-90 39.60 | 45.00 


* Compression in inches. 
**_A proximate. 
The precision of the two methods is indicated by the agreement between 
duplicate samples. 
It will be noted that slight compression of 35-gram samples (to 0.700 
inch) gave a close approximation of the actual moisture content as meas- 


1952] BARTON & GOENAGA—MOISTURE IN COFFEE BEANS 465 
ured in a vacuum oven at 1roo° C. but the differences between the values 
obtained by the two methods were not the same for all moisture content 
levels. The same characteristic was noted for moisture contents obtained 
after compression to 0.600 inch. With further compression to 0.500 inch, 
however, consistent differences between vacuum-oven and electrical 
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FiGuRE 1. Calibration of Universal Moisture Tester for moisture determination of cof- 
fee in “‘coco’’ by comparison with moisture determinations made by drying in a vacuum 
oven at 100° C, 


moisture determinations were secured over a wide range of moisture con- 
tents. Two readings were made on the Universal Moisture Tester after 
each compression, one immediately after compression, and the other after 
a five-minute interval to allow for possible temperature adjustment. As 
will be seen, there are no significant differences in these readings. However, 
for the establishment of a calibration curve it seemed desirable to use the 
five-minute readings. 
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Samples measured in the volumetric measuring cup supplied by Bur- 
rows Equipment Company were more uniform in behavior than weighed 
lots. This is more easily seen in Table II. These figures are averages of 
duplicate tests. All readings on the Universal Moisture Tester were taken 
five minutes after compression to 0.500 inch. Differences between moisture 
percentage readings on the Universal Moisture Tester and those obtained 
by drying the fruits in a vacuum oven, show the advantage of the 100° C. 
oven over the 73° C. oven and of measured over weighed lots. As compared 


TANBILIS, V0 


COMPARISON OF WEIGHED AND MEASURED Lots oF COFFEE IN ‘‘Coco”’ FOR DETERMINING 
MolstuRE CONTENT IN THE UNIVERSAL MOISTURE TESTER AS MEASURED 
BY MoIstURE DETERMINATIONS OBTAINED BY DRYING IN 
A VACUUM OVEN AT 73° OR 100° C. 


ee ee 73° C. vac. oven 100° C. vac. oven 
Difference* Difference* 

35 G. 85 MI. % Dry 7 Dry 

weight 35 G. | 85 MI. weight 35 G. | 85 M1. 
T2020 II.go 8.01 4.19 3.89 10.14 2.06 TO 
13.58 12.68 8.94 4.64 Bra 10.98 2.60 Teo 
16.26 TS ACI 1H) aXe BEOs B52 AL Pie} Tazo 
GAS 16.70 13).0'7 4.18 B08 14.95 2.30 Tp 755 
19.65 19.00 14.65 BOO AROS 16.98 207 2EO2 
20.10 19.58 16 5 4.98 4.46 17.90 2.20 1.68 
20.50 20.90 16.65 3.85 4.25 LIC) 647/ T.k3 Th SB 
QM Or7 22.00 18.36 Bis it 3.64 20.34 it 8 1.66 
23.10 22.85 TOeG2 ahs) Roe 20.88 Dy DD 1.97 
25.15 25s Dik n Bv5 Bose 4.13 23.69 1.46 1.81 
DS 0 GS 25.98 Zl 4.04 4-47 23.61 1.94 Dass 
33.18 = Pst es 7.40 = 26.07 Osa See 
47.50** = 36.59 = = 37-59 = = 


* Difference between moisture percentages as shown for determinations in vacuum 
oven and Universal Moisture Tester. 

** Approximate. 

Note: Recommendation for use of Universal Moisture Tester. Compress volumetric 
sample to 0.500 inch and subtract 1.75 per cent from the final reading to arrive at the mois- 
ture content as determined in a vacuum oven at 100° C., e. g., 11.90 —1.75 =10.15. 


with determinations in a vacuum oven at 73° C. the average differences, 
excluding the two highest moisture contents, were 4.17 for the weighed and 
3.96 for the measured lots. Corresponding figures resulting from a com- 
parison with percentages obtained from drying in a vacuum oven at 
100° C. were 2.02 and 1.81. Averages of duplicates from 100° C. oven and 
measured lots were used to plot the experimental line (open circles) shown 
in Figure 1. The nature of the line obtained, as compared with the heavier 
line which represents the ideal, i.e., complete agreement of values ob- 
tained by the two methods, would seem to justify the use of a single 
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compression and a single correction (—1.75 per cent) for the determina- 
tion of moisture content of coffee in ‘‘coco'’ with moisture percentages 
ranging from ro to 23 percent of the dry weight of the fruits. This range 
is within the practical need for moisture determination. This fact 
coupled with the desirability of using measured instead of weighed 
samples simplifies the procedure so that readings could be made quickly 
and accurately with no special equipment and no special training of the 
operator. 

To determine what part of the fruit retains most moisture, fruit coats 
were removed from some of the seeds held in the laboratory. It is believed 
that very little of the moisture was lost in the process of coat removal. 
Vacuum-oven drying at 73° C. gave duplicate moisture percentages as 
shown in Table III. 


TABLE III 
MOISTURE DETERMINATION OF DIFFERENT PARTS OF THE COFFEE FRUIT 


Moisture (%) 
Material 
used Wet wt. Dry wt. 

basis basis 
Intact Tete 5 12). BS 
fruits Ti. 20 T2002 
Fruit 11.68 13.23 
coats TOW 1A) 
Sede TORSit eit GAs 

TOMS iit GS 


It is seen that the fruit coats of this particular lot hold very little more 
moisture than the seeds themselves. This fact emphasizes the probable uni- 
form moisture distribution in the samples used in the above tests. 

Limited tests on clean coffee seeds (free of the berry) indicate that the 
Universal Moisture Tester may be used for determination of their moisture 
content though a different calibration curve would be necessary. 


CONCLUSION 


The determination of the moisture content of coffee in ‘‘coco,’’ when 
that moisture is within the range of ro to 23 per cent of the dry weight of 
the coffee, may be made on the Universal Moisture Tester using measured 
lots (standard volumetric cup for large grains) compressed to 0.500 inch, 
and applying a small correction (—1.75 per cent). This recommendation 
can be made even though coffee in ‘‘coco’’ is made up of a heterogeneous 
mixture of whole fruits, broken fruits, clean seeds and fruit coats. 
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GERMINATION AND CHEMICAL CONTROL OF 
THE. GIANT FOXTAIL GRASS 


LAWRENCE J. Kino! 


INTRODUCTION 


Within the space of two decades the aggressive giant foxtail grass 
(Setarta Faberit Herrm.) has been introduced into this country, has ap- 
peared in a large number of states in the east and in the middle west, and 
has become established in the cornbelt area as a very serious competitive 
weed in the corn and soybean crops. Attempts to control this weed by 
several available chemicals have raised a number of problems relative to its 
germination and seedling development, which, if clarified, might provide 
the basis for more effective control measures. Consequently certain of 
these studies have been initiated under the controlled conditions of the 
laboratory and greenhouse. 

This annual weed is believed to have been introduced into this country 
as a contaminant in large lots of Chinese millet (38). The seed was first 
detected by a seed analyst in 1932 (7), and the first plants were found in 
1936 near a greenhouse at Arlington Farm, Virginia (1). Other records of its 
appearance have come from Illinois, Iowa, Indiana, and Missouri, and 
from several eastern seaboard states (13, 16, 40, 41, 44, 51). In the corn- 
belt area this grass is especially abundant in corn and soybean plantings, 
developing rapidly following the last cultivations. 

Setaria Faberii is a member of the foxtail millets, and in seed structure 
and growth habits is closely related to Setaria viridis (L.) Beauv. (24, 28, 
38, 47). It is chiefly distinguishable from the latter in that the plant is con- 
siderably larger, the leaves are pubescent, and the panicle is conspicuously 
nodding (19, 25, 26, 40), thus providing the common name, giant foxtail, 
or nodding foxtail (Fig. 1). Its size is related undoubtedly to the fact that 
it is a tetraploid (33). Specimens over six feet in height have been observed, 
especially in rich bottomland cornfields. It apparently is not able to compete 
with other species in ground which is uncultivated, becoming then dwarf 
and finally disappearing altogether. It grows best in open waste ground re- 
cently abandoned from cultivation and in such areas may become a much 
branched sprawling plant, three feet in height. In poor sod ground, where 
Setaria lutescens (Weigl) Hubb. and S. viridis are quite at home, S. Faberit 
is less adaptable and becomes of small size since it cannot compete with the 


1 Senior Fellow in Plant Physiology, Boyce Thompson Institute for Plant Research, 
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native grasses (1). Depauperate flowering forms only three inches in 
height have been reported for this species (43), as well as for other species 
of Setaria (2). 
Giant foxtail grass appears to germinate all through the season well 
into the fall. It is a short-day plant, similar in this respect to S. italica (15). 
It has been found in this laboratory that seed of giant foxtail grass not 


FicurE 1. Single plant of giant foxtail grown in the greenhouse; 
about 60 days from seed. (Photographed on July 7, 1952.) 


subjected to outdoor winter conditions germinated in erratic fashion. 
Generally higher germination occurred in soil than on moist filter papers, 
and also higher following moist storage at 21° C. Alternate wetting and dry- 
ing of soil or filter paper cultures stimulated greater germination. The pres- 
ence of inhibitory substances in the seeds was indicated, and their role in 
dormancy and periodic germination are considered. Depth of planting ex- 
periments and soil compaction provided data bearing on the possible ef- 
fectiveness of preemergence chemical applications to the soil surface. 
Several weed control chemicals were effective in controlling the non- 
dormant seeds, but dormant seeds were not destroyed. 


MATERIALS AND METHODS 


The seed for these studies was all from one lot collected in the fall of 
1951 near Urbana, Illinois, by Professor F. W. Slife of the University of 
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Illinois, and sent for study by Mr. J. E. Edwards. The seeds were stored 
in the laboratory at room temperature, and were utilized as received, the 
glumes not being removed. A cutting test on a lot of 200 seeds revealed 
about 20 per cent to be imperfect or unfilled. Thus the maximum germi- 
nation possible would be about 80 per cent. Other details of procedure are 
given under the appropriate sections. 


RESULTS AND DISCUSSION 
GERMINATION 


Coat effects. Erratic germination of the seeds of giant foxtail under 
controlled conditions was noted from the first test made. To determine 
whether the fruit coats might account for some of these effects, coats were 
removed before planting in soil in 4-inch clay pots in the greenhouse. A 
second group of seeds was scarified by nicking the seed coat with a file 
and then planted in pots. Results of one such experiment showed only 
4 per cent germination in the seeds which had the fruit coat removed and 
no germination in the seeds which were scarified after fruit coat removal, 
while the control gave one of the highest germination values recorded, 
82 per cent. 

It would appear from the above data that seeds with the fruit coat re- 
moved are susceptible to embryo injury when planted in the soil, possibly 
by the entry of soil pathogens. Some injury may have been caused to the 
embryos during the scarification process. At any rate, the fruit coat does 
not appear to be an important factor in the prevention of germination of 
giant foxtail seeds. 

Germination medium. Attempts to germinate the seeds of giant foxtail 
on filter paper in Petri dishes resulted in small germination percentages, 
usually not more than 34 per cent (Table I). The effect of adding soil to 
the filter paper was studied. Seeds were cultured on moist filter papers, 
with and without soil, in 15 cm. Petri dishes in the dark at 21° C. and in 
the daylight at room temperature. The results showed an increase of about 
ro per cent both in darkness and in light with the addition of soil, but 
germination values were still quite low. Values taken at 21 days gave for 
the dark series 32 per cent with soil and 23 per cent without soil; while in 
the light series values of 43 per cent for the soil culture, and 31 per cent for 
those without soil were recorded. 

A series of tests was conducted to determine whether the beneficial effect 
of soil addition may have been due to the soluble nutrients. Seeds were 
placed in 30 ml. beakers to which 1 ml. of solutions of potassium nitrate 
(at 0.5, 1.0, 2.0 per cent), sodium thiocyanate (at 0.01, 0.1, and 1.0 per 
cent), or sodium metaarsenite (at 10.0 per cent) was added. Twenty-five 
seeds were used in each of two replicates. Seeds were soaked for 24 hours 
after which they were removed and rinsed several times to remove any 
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traces of the chemical from the seed coat. The seeds were planted in soil 
in 4-inch clay pots and allowed to germinate in the greenhouse. The re- 
sults are shown in Table I. Increases in germination were secured from 
seeds soaked in a 2.0 per cent potassium nitrate solution or a 1.0 per cent 
sodium thiocyanate solution. Apparently the amount of the sodium ar- 
senite that was absorbed by the seeds was sufficient to kill the embryo. 
Temperature effects. Temperature fluctuation in soil plantings as well 
as the nutrients present may account for some of the increased germination 
of seeds in pots over those kept at constant temperature in Petri dishes. 
Seeds were cultured on moist filter papers at alternating temperatures of 
21° to 30° C. and 21° to 37° C. They were kept in the 21° C. room for 16 


TABLE I 
GERMINATION IN SOIL OF GIANT FOXTAIL SEEDS 


Average per cent germination of 50 seeds soaked in the various 
chemicals at the concentrations indicated 
Days after 
planting | NaAsO.(%)| _ KNOs (%) NaSCN (%) SR be. 

10.0 Mees gO | xis TO) Oye s1O) Onl 2 “yy 
7 ° 44 12 18 36 6 22 20 28 
14 ° 54 22 34 44 8 34 28 30 
21 ° 60 30 34 54 18 38 28 34 


hours and at the higher temperatures of 30° and 37° C. for eight hours each 
day. This treatment was continued for four consecutive 24-hour periods 
after which the seeds were allowed to remain at 21° C. for the remainder 
of the experiment. Controls were also set up at constant temperatures of 
21°, 30°, and 37° C. Duplicates of 50 seeds each were used. Results taken 
after 14 days showed a maximum germination of 48 per cent for the 21° to 
37° C. alternation, in contrast to 10 and 20 per cent for the constant tem- 
peratures of 21° and 37° C. respectively. Many workers (9, 48, 50) have 
observed the beneficial effect of alternating temperatures on weed seed 
germination. 

Another method commonly used to break seed dormancy is pretreat- 
ment on a moist medium at controlled temperature. Giant foxtail seeds 
were placed on moist filter paper at 5°, 10°, and 21° C. for seven days after 
which they were germinated in soil in the greenhouse. Seeds pretreated at 
21° C. gave twice as much germination as the control, while the lower 
temperatures were less effective. Germination studies of another grass, 
Panicum anceps Michx., have disclosed that the dormancy could be over- 
come by moist storage for eight weeks at 5° C. (17). Periods longer than 
seven days were not tried in the present experiment. 

Depth of planting. The effectiveness of chemical soil treatment for 
weed control quite frequently depends upon the depth at which the preva- 
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lent weeds germinate. Certain more deeply germinating weeds such as rag- 
weed (Ambrosia trifida L.) may occasionally not be checked by the pres- 
ence of chemicals on the soil surface. On the other hand, such shallow 
germinating weeds as crabgrass (Digitaria spp.), purslane (Portulaca 
oleracea L.), and chickweed (Stellaria media [L.] Cyrill.) are quite readily 
controlled. Contrary to the importance of knowing the optimum depth of 
planting for maximum germination of crop seeds, the maximum depth of 
weeds for even a minimum germination is quite important—not only for 
possible control of such weeds, but also for dissemination of the species. 
Oftentimes only one seedling need emerge and produce seed to maintain 
the weed as a pernicious one. 

Hanf (23) divides the emergence process of weeds into two components 
—the germination itself, and the subsequent growth of the seedling in the 
soil. He states that the greater the seed weight, the greater is the ability 
to grow through the soil. He found the type of soil important, too, for in 
loose sandy soil emergence is possible with seeds at a greater depth than in 
solid clay soil. 

In Table II are presented some data on seed weight and optimum and 
maximum depths of germination and seedling emergence that were com- 
piled from the literature, or determined by the writer. From the data pre- 
sented there is a reasonably valid correlation between seed weight and 
maximum depth of emergence though undoubtedly more data should be 
assembled. It is true that the rule-of-thumb method of planting seeds no 
more deeply than four times the diameter has long been the practice. 

Depth of germination has been studied extensively in the wild oat, 
Avena fatua (27, 32, 48). Kirk and Pavlychenko (32) found that seedlings 
of the wild oat reached the surface of the soil from depths down to 7 
inches (17.5 cm.), but that the length of the mesocotyl varied with the 
depth of sowing and the coleoptile node was always within 1 inch of the 
surface. 

Waldron (49) observed that in the first year after planting Setaria 
viridis under field conditions, the optimum depth for emergence was 
2.5 cm. with the maximum depth at 7.5 cm. Seeds planted at depths of 
17.5 and 2s cm. did not emerge at any time during the five years of ob- 
servation, but the seed removed from these levels after this period of time 
were found upon testing to be viable. 

In the first experiment 25 seeds of giant foxtail were planted in each of 
two replicate rows at depths of 0, 0.5, 1.0, 1.5, 2.0, 3.0, and 4.0 cm. in shal- 
low wooden greenhouse flats. The seeds were planted on January 10, 1952, 
and kept in the greenhouse at about 24° C. Germination counts were taken 
at weekly intervals up to 21 days. The results presented in Table III, 
Series A, show that the best germination occurred at the 0.5, 1.0, and 1.5 
cm. depth with germination percentages of 34, 30, and 36 respectively after 
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ComPILED DATA ON THE 1000-SEED WEIGHT AND ON THE OPTIMUM AND MAXIMUM 
DeEprHs OF EMERGENCE IN SOIL FOR A NUMBER OF COMMON WEEDS* 


Optimum Max. 
: 1000-Seed depth of depth of 
Species name wt. in g. emergence emergence 
in cm, in cm. 

Agrostemma githago L. 9.845TT On TORORG 
Ambrosia artemiswfolia L. 3.950 —= = 
Ambrosia trifida L. 17.400 a6) TASS  {(eue)) 
Anthemis cotula L. 0.240 (39) — = 
Anthemis tinctoria L. = 1.0 7.0" ae 
Avena fatua L. 17.520 CFG gee (2) 
Avena fatua L. — _— 12.5 (49) 
Capsella bursa pastoris (L.) Medic. 0.096 On OHOn 
Centaurea cyanis L. 4.800F 0.5 Shoe 
Chenopodium album L. 0.650 (42) O.5-1.0 aos (G59) 
Cirsium arvense (L.) Scop. Teg Sls 1.0 Ono 
Digitaria sanguinalis (L.) Scop. ©.270 (30) 1.0f Anois 
Galium boreale L. ©.600 — = 
Galium mollugo L. == aks A Oima 
Matricaria inodora L. — 0.5 DE Ow 
Matricaria matricariodes (Less.) Porter ©.130 — — 
Portulaca oleracea L. 0.130 —_ — 
Setaria Faberit Herrm. he OY ©.5-1.5 21,0 
Setaria Faberii Herrm. — — 12.0 
Setaria glauca (L.) Beauv. 4.200 (39) — = 
Setaria glauca (L..) Beauv. 1.280 — — 
Setaria ttalica (L.) Beauv. 1.830 (39) — — 
Setaria viridis (L.) Beauv. 1.475 Dis Tos (Go) 
Sinapis (Brassica) arvensis L. I.goo 1.0 6.0 
Sinapis (Brassica) arvensis L. — he I 7.5 (40) 
Stellaria media (L.) Cyrillo Ons OS (4 2) 1S DOr 
Thlaspi arvense L. 0.785 0.5 Bylo 
Thlaspi arvense L. — — 5.0 (40) 


* Unless otherwise noted the seed weights are from Stevens (46), and the depths of 
emergence from Kolk (34). The numbers in parentheses refer to the literature cited. 
** Maximum depths tested. 
t+ Determined by the author. 
tt Data from D. Isleib. 


21 days. The surface plantings germinated at 10 per cent. Only slight emer- 
gence occurred at 2.0 cm. (12 per cent) and at 3 cm. (4 per cent), while 
none emerged at 4.0 cm. at this time. 

A test was devised to determine whether these seeds would emerge at a 
greater depth than 4 cm. Seeds were planted in 4-inch clay pots at depths 
of 1.0, 2.0, 4.0, 6.0, 8.0, and 9.5 cm. Two replicates each of 25 seeds were 
planted, and germination data were taken at 7, 14, and 21 days (Table III, 
Series B), Seedlings appeared on the fourteenth day from all planting 
depths—even at 9.5 cm. where there was 8 per cent germination. This was 
in striking contrast to the planting just described above where no seedlings 
emerged from a 4 cm. depth. One of these seedlings was removed and is 
shown in Figure 2 A. 
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It is true that the depth of 9 cm. in a 4-inch clay pot does not corre- 
spond to a similar depth under field conditions as Thurston (48) also ad- 
mits. There is greater aeration both through the wall of the pot and through 
the opening on the bottom, as well as little compaction of the soil. Hence 
a wooden box 30X30 cm. and 25 cm. in depth was filled with greenhouse 
soil to a depth of 23 cm. Fifty seeds were planted in the center of the soil 
mass at a depth of 11.5 cm. After 30 days no seedlings had emerged, and 


TABLE III 


EFFECT OF DEPTH OF PLANTING AND SoIL DESICCATION UPON THE GERMINATION 
OF GIANT FoxTaAIL SEEDS PLANTED IN GREENHOUSE FLATS 
(SERIES A) AND IN 4-INCH CLay Ports (SERIES B) 


Deprivof Average per cent germination of 50 seeds 
cea ae after days indicated 

in cm. 4 14 Ae 56* 56** 

° 8 ight 10 8 18 

ets o 34 34 6 40 

Tyas) 10 24 30 12 42 

A Tale 8 20 36 8 34 
250 ° 10 12 12 24 

3.0 4 4 4 8 I2 

4.0 ° ° ° 8 8 

: PO) 16 32 32 Leo — 

2.0 8 22 22 = == 

4.0 fo) 22 24 — = 

B 6.0 ° 16 20 — = 
8.0 fo) 26 30 ae a 

9-5 ° 8 8 a = 


* After 21 days the flats in Series A were permitted to dry out for an additional 21 
days. Germination values given here are for the 14-day period following rewatering of soil. 
** Total germination for the entire 56-day period. 


at this time the top layer of soil was removed disclosing that three of the 
seeds had germinated, with one seedling having a shoot length of about 
1.5 cm. This same block of soil was then again planted with seeds at depths 
of 1.0, 2.0, 4.0, 6.0, 8.0, 10.0, and 12.0cm. Results after 14 days gave emer- 
gence values of 18, 9, 9, 6, 12, 3, and 6 per cent respectively for the depths 
just mentioned. The first test was conducted during the period April 11 to 
May 11, 1952, and the second one during May 26 to June 9g, 1952. It is 
quite possible that the soil was not as firmly packed in the second series as 
it was in the first and, too, the seeds were planted in rows with some of the 
seeds near the walls of the box. 

The experiments involving depth of planting show the variability of 
results, and point out the need for standardizing the test methods. De- 
terminations under actual field conditions would undoubtedly be the most 
useful. The novel methods of Dr. Martin Hanf (21, 22, 23) offer a new ap- 
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proach to this difficult problem. His method (22) of applying known 
weights to the soil surface offers a more exact method of studing soil com- 
paction in relation to germination and seedling emergence. As shown by 
Figure 2 A, the mesocotyl grows to a great length if the seed is planted 
deeply. A mesocotyl length of 28 cm. has been recorded for Teosinte, and 
36 cm. for a variety of maize cultivated since ancient times by the Ameri- 
can Indians in regions where the drought is too severe for strains which 
need the ordinary shallow planting (2). Elongation of the mesocotyl has 
been recorded for timothy seedlings by Evans (11) who found that no mat- 
ter how deeply the seed was planted the mesocoty! elongated so that ad- 
ventitious roots were formed near the soil surface. Hanf (21) observed that 
in plants of Galiwm aparine from seeds sown in deeper layers of the soil 
(10 cm.) the main root system can be equalized by the formation of ad- 
ventitious roots from the greatly elongated hypocotyl. Thus some di- 
cotyledonous plants have a structure similar to the mesocotyl of certain 
monocotyledons for regulating the depth of the root zone. 

It was also of interest here to determine whether several varieties of 
cultivated millet (Setaria ttalica) might have the capacity to germinate 
and emerge from a deep planting. Data for two varieties.and the giant fox- 
tail given in Table IV show that Early Fortune millet germinated quite well 
from a depth of gem. while only 10 per cent of the giant foxtail seeds germi- 
nated from this depth. Western Common millet gave only 2 per cent at 
g cm. after 14 days, the poorest of all. It can readily be seen from the high 
germination values at 1 cm. that the cultivated millets exhibit no dor- 
mancy in contrast to the low values for the dormant giant foxtail. 


TABLE IV 


EFFECT OF THE DEPTH OF PLANTING UPON THE GERMINATION OF SEVERAL 
CULTIVATED VARIETIES OF MILLET SEED 


Average per cent germination of 5° ey at depth indicated 
No. of days Western Common Early Bortihe Giant 
after planting millet millet foxtail 
| Fer re Se leer. = ; ry 
Me CLveye =| ie arQvenils LCM e ems |* Oy Gin, Icm., gem. 
é e | 
| 
7 ihe 78 52 22 ° 
14 74 | 2 78 | 52 32 10 


Effects of alternate wetting and drying. Some flats of soil from which only 
a few seedlings had emerged were allowed to dry thoroughly for a period 
of three weeks. At the end of this period water again was applied as in the 
earlier experiments. No disturbance of the soil had occurred, since the 
original seedlings were cut off at the soil level. After 14 days, counts were 
again made (Table III) when it was noted that seedlings occurred at all 
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depths of planting down to 4.0 cm. The two highest germinations occurred 
at 1.0 (12 per cent) and 2.0 cm. (12 per cent). At this time the flats were 
again permitted to dry out thoroughly for another 3-week period. Counts 
14 days later in this third period disclosed very little germination. The 
soil by this time had become caked over with an algal growth and this 
together with greater soil compaction may have influenced further ger- 
mination by restricting aeration. Thus the total germination in this test 
was 42 per cent at the 2.0 cm. depth. Perhaps by further periods of pro- 
longed drying, additional seeds might be forced to germinate. Just how 
long such dormant seeds might remain viable is not known, but an indi- 
cation may be obtained from the well known experiments of Dr. W. J. 
Beal at Michigan State College on the related species, S. lutescens. Seeds 
of this species germinated after 30 years of burial (4), but not after 35 
years, or at any of the test periods thereafter (10). 

In the chemical soil treatment test described later (Table V) the pots 
were allowed to dry out for a 21-day period and they were then watered 
normally again. Germination of 12 to 16 per cent occurred after a 14-day 
wetting period in two of the treatments, Crag Hercibide 1 and 2,4-D. The 
largest germination for the entire period of 56 days, including the drying 
out period, totaled only 4o per cent. Thus, with a maximum possible ger- 
mination of 80 per cent, 40 per cent of the seed were still dormant and pre- 
sumably capable of germination following additional drying out periods. 

An additional experiment was set up in which seeds cultured on moist 
filter papers in Petri dishes were subjected to a daily alternation of moist 
and dry conditions throughout an 8-day period. At the end of this period 
one set of 100 seed of this series was kept on the same filter papers, and 
cultured in the dark at 26° C. and a second set was transferred to soil in 
4-inch clay pots and grown in the greenhouse. The results after 14 days 
showed a germination value of 26 and 54 per cent respectively. The con- 
trols on filter paper and in soil maintained for approximately the same 
period of time gave values of 13 and 4o per cent respectively. This cycle of 
alternate wetting and drying appreciably increased the germination both 
in the Petri dish and the soil series, and no marked injury to the seeds oc- 
curred. It is not known whether a longer period of treatment would pro- 
duce the maximum germination of about 80 per cent. It is just possible 
that some injury might occur, thus the maximum germination of 80 per 
cent would never be reached. 

Griswold (20) found that alternate wetting and drying of seeds of western 
range plants also promoted better germination for some of the species, 
while in certain others it did not. Other workers (5, 6, 9, 36) have observed 
the importance of alternating moisture, loosening of the soil, and certain 
oxygen levels as important factors in favoring the germination of weed seeds. 
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Beal (4) in his classic studies on the viability of seeds found that if he 
permitted the soil of the test flats to dry out further germination of the 
weed seeds occurred. 

Germination inhibitors. From the data presented above on both of these 
alternate wetting and drying experiments, it would appear that one of the 
factors involved here is the absorption of inhibitory substances from the 
seeds by filter papers or by the surrounding soil as the moisture moves 
from the fully imbibed seed during the drying out process. A temperature 
factor also exists under field conditions since a moist surface layer of soil 
would be cooler than a dry surface layer. However, in the Petri dish ex- 
periment the temperature was held constant at 21° C. In this case the 
porous filter paper with its great surface area would roughly correspond 
with porous soil of vastly greater surface area. 

The role of germination inhibitors has been extensively explored by 
several investigators (3, 12). Using the filter paper absorption technique 
there were indications of inhibitors present in giant foxtail seeds. A lot of 
2 g. of seed was grown on moist filter paper at 21° C. for 3 days, after which 
this lot of seed was discarded, and a fresh lot of 50 seeds was placed on the 
same paper and grown under the same conditions for 14 days. Germination 
at this time was 6 per cent, with a value of 24 per cent for the control. 
This test was repeated with the use of several different weights of seed, 
and the results showed that 2 g. of seed was the minimum amount to give 
inhibition under these conditions. 

Further work should be done with these inhibitors since it is quite 
likely these substances are in part responsible for the irregular or periodic 
germination of weed seeds. It also is quite possible that such results as 
reported by Gianfagna and Pridham (18) for the irregular crabgrass ger- 
mination might be explained in part by the removal of germination inhibit- 
ing substances by the alternate wetting and drying processes of the surface 
soil, 


CHEMICAL SOIL TREATMENT TESTS 


The application of germinative toxicants (30) to the recently tilled soil 
surface generally will prevent the establishment of weed seedlings. If no 
crop is involved the number of chemicals available for use is quite large. 
However, when treatment of an established crop is contemplated the selec- 
tion of the appropriate chemical is a more difficult one. Since the giant fox- 
tail is a problem weed in corn, soybeans, and young pastures, a special 
chemical might well be required in each of these crops. A series of tests was 
initiated to see which of five available chemicals might be the most effective 
germinative toxicant. 

The triethanolamine salt of 2,4-dichlorophenoxyacetic acid (2,4-D), 
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Crag Herbicide 12 [sodium 2-(2,4-dichlorophenoxy)ethyl sulfate] (31), 
chloro-IPC*? [O-isopropyl-N-(3-chlorophenyl) carbamate] (45), dichloral 
urea? (29), and CMU (p-chloropheny! dimethyl urea)‘ (8) were tested at 
rates of 2.5, 5, 10, and 25 lb. per acre. Two replicate 4-inch clay pots each 
containing 25 giant foxtail seeds were prepared, watered, and allowed to 
stand for about three hours. Aqueous preparations of the various chemicals 
were then applied in a volume of 40 ml. to each of the pots. 

After 21 days of culture under average greenhouse conditions the pots 
were allowed to dry out for 21 days after which period of time they were 
again watered as formerly for a 14-day period (56 days after the initial 
planting). This procédure would disclose any possible injury to the seeds 
that were dormant at the time of the initial chemical application. Germi- 
nation data taken at 7, 14, and 21 days, and after a period of drying (56 
days) are presented in Table V with illustrations of some of these tests 
shown in Figure 3. 

Crag Herbicide 1 and 2,4-D were about equally effective at rates of 
2.5 and 5 lb. per acre, giving roughly about 50 per cent reduction in germi- 
nation, and after drying the germination range 6 to ro per cent was similar 
to the controls. However, at 10 and 25 lb. per acre Crag Herbicide 1 ap- 
peared superior to 2,4-D with a germination value of 4 per cent and o per 
cent respectively for the former, and 22 and to per cent respectively for 
the latter. Germination after the drying period at these two higher rates 
still disclosed germination within close range of the controls, but yet some 
reduction at the 25 lb. per acre rate. 

Chloro-IPC and dichloral urea are principally grass toxicants and hence 
were quite effective in controlling giant foxtail. Chloro-IPC was somewhat 
better giving complete control at 5, 10, and 25 Ib. per acre; while a few 
seedlings (though dwarfed) did emerge at the 5 and 10 lb. rates, none did 
so at 25 lb. per acre. After a drying out period of 21 days, followed by a 
moist period of 14 days, seedlings again appeared in both of these series. 
Thus no permanent injury occurred to the dormant seeds. 

CMU was quite effective, destroying the seedlings at all rates tested. 
However, after the drying out period, additional seedlings appeared in- 
dicating that no destruction of the dormant seeds occurred. This second 
growth of seedlings did not survive, however, indicating the chemical was 
still present in an active form. 

The above three materials are all good grass toxicants and hence prob- 
ably could not be used in cereal crops. There is some indication, however, 
that dichloral urea is not injurious to already emerged corn. It is possible 
that dichloral urea could be used in well established corn to control the 

* Samples furnished by Carbide and Carbon Chemicals Co., New York, N. Y. 


’ Sample furnished by Pittsburgh Plate Glass Co., Pittsburgh, Pa. 
* Sample furnished by E. I. du Pont de Nemours & Co., Inc., Wilmington, Del. 
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FIGURE 3. Control of giant foxtail following applications of a series of four chemicals to 
the soil surface after planting of the seeds. (A) Crag Herbicide 1; (B) triethanolamine salt of 
2,4-D; (C) chloro-IPC; (D) CMU. Rates from left to right in each case are: 0, 2.5, 5, 10, and 
25 lb. per acre. (Photographed 30 days after treatment.) 
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TABLE, V; 


Errect oF CHEMICAL Som, TREATMENT AND SOIL DESICCATION UPON THE GERMINATION 
or GIANT FoxTAIL SEED PLANTED IN CLAY PoTs IN THE GREENHOUSE 


Average per cent germination of 50 seeds 


Rate in No. of at the chemical treatment indicated 
lb. per days after iG = ee, 
acre planting Crag oro- ichlora 
Herbicide 1 2,4-D eC. urea CMU 
7 0) 10 12 28 16 
14 18 14 24 B28 16 
2.5 | 21 16 14 26 42* 8 
Son 10 6 2 4 
Total 26 20 28 72 
7 22 14 16 16 Be 
14 28 22 22* 5m 28 
5.0 21 28 26 20* Bas ° 
Gat 10 8 12 2 
Total 38 34 32 2 
7 4 4 30* 30 12 
14 4 20 40* 40* 12 
10.0 21 4 22 38* 42* ° 
5 Oars 16 12 ° ° 
Total 20 34 Bou ° 
7 ° 4 22* 16 14 
14 2 4 24* 52° 18 
25.0 21 ° 10 225 50* ° 
SO a 2 6 te ° 
Total 4 16 207 ° 
Controlt A B 
7 28 30 
14 30 60 
21 G2 64 
56** 8 
Total 40 


* Seedlings severely inhibited. 
** After 21-day drying period followed by 14 days’ normal moisture. 
+ Control A was tested at the same time as all other treatments except dichloral urea. 
Control B was tested at the same time as the latter treatment. 


later germination of the giant foxtail. In contrast, chloro-IPC has given 
injury in corn plantings, especially as a preemergence application (45). 

Because of lack of foliage injury from Crag Herbicide 1, applications 
could well be made to corn at various intervals following seedling emer- 
gence up to and including lay-by time. Under field conditions excellent 
control of crabgrass has been obtained with rates of 2 lb. per acre (31), and 
this rate or rates up to 5 Ib. per acre should control the somewhat more 
deeply germinating giant foxtail. Since Crag Herbicide 1 produces no 
hormonal responses in plants from foliage applications, corn does not de- 
velop brittleness following sprays of this herbicide. 
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Another test of dichloral urea involved applying the chemical at a rate 
of 5 lb. per acre to a greenhouse flat which had been planted with giant fox- 
tail seeds (3 g. per flat). The flats were planted on November 21, 1951, and 
the chemical was applied at a delivery rate of 100 gal. per acre on Novem- 
ber 23, 1951. Control was excellent with dichloral urea. While the seeds did 
germinate, the seedlings were greatly stunted and they eventually died. 
Photographs of this experiment were taken on December 18, 1951, and are 
shown in Figure 2, B and C. 

The question of the destruction of dormant seeds in the soil by chemi- 
cals has frequently been raised. Mitchell and Brown (37) concluded in 
their studies on Trifolium subterraneum that 2,4-D had no effect on dor- 
mant seeds of this species. Everson (14) concluded that 2,4-D penetrates 
the water-permeable seed coats of beans, corn, and embryo dormant giant 
ragweed, but not water-impermeable seeds of butterprint. Where 2,4-D ef- 
fects are evident from treated water-impermeable seeds, the 2,4-D is 
present only in the seed coat. Thus embryo dormant water-permeable seed 
are more likely to be destroyed by chemical soil treatment than are the 
water-impermeable embryo dormant seeds. 


FIELD APPLICATIONS 


Many factors are involved in the irregular or periodic germination of 
weed seeds so widely observed in cultivated soils and elsewhere. With the 
newer methods of chemical weed control, particularly that of early pre- 
emergence or residual type preemergence, this problem of weed seed germi- 
nation has assumed an even greater importance. Many methods, chemical 
and otherwise, are now used for the eradication of weeds, but it would ap- 
pear that chemical applications for the prevention of weed seed germina- 
tion are among those offering the greatest promise for control, with a 
minimum of crop injury. But the factor of seed dormancy and irregular 
germination has often been the basis for many of the reports of unsuccessful 
weed control by this chemical method. Still, the large number of reports 
of successful results have shown that under many conditions and with 
certain types of weeds this chemical method offers great prospects. 

However, by understanding the environmental factors most conducive 
to germination and seedling development of the weeds to be controlled, 
the chemical methods at hand may be utilized most effectively. As dis- 
closed in some of the experiments just described, the single factor of loose- 
ness or compaction of the soil has a considerable relation to the depth of 
germination, and hence to the effectiveness of chemical treatment. This 
would imply that in order to encourage only shallow germination of weeds, 
very loose soil should be compacted—either by the natural forces of rain, 
or by agricultural implements—prior to chemical treatment. In some 
perennial crops such as asparagus or nursery stock, soil cultivation should 
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be held to a minimum, and chemical applications made to the intact soil 
surface at frequent enough intervals to maintain a satisfactory level of 
chemical throughout the growing season. 

With the use of certain chemicals depth of weed emergence may not 
always be critical. This would be especially true with such seedling toxi- 
cants as CMU and dichloral urea but not for the more strictly germinative 
seed toxicants such as 2,4-D and Crag Herbicide 1. The degree of residual 
action, and the specificity of the chemical—whether for grass or broad- 
leaved weeds—would also have a bearing upon this problem. The stage of 
weed seed germination is frequently more important than depth of emer- 
gence. Many investigators have shown that better weed control can be 
obtained by permitting a few days delay between fitting of the soil and 
chemical application. The problem of the dormant seed is ever present, 
however, and save for the arsenicals there are few chemicals that are effec- 
tive for controlling dormant seed. 

This single factor of dormancy in weed seeds is the chief cause of irregu- 
lar germination. The present experiments and those reported by other 
workers indicate that germination inhibitors are at least partially re- 
sponsible for this behavior. Evidence is offered to show that alternate wet- 
ting and drying of the soil, as well as the seed, stimulates germination. It is 
postulated that this process results in the removal of the water-soluble in- 
hibiting substances from the seed. Thus alternate wetting and drying of 
an undisturbed surface soil, as in a lawn, may result in continued germina- 
tion of such seed as crabgrass without seed renewal. Were it possible to 
maintain weed seeds in a permanent state of dormancy, another effective 
method of weed control might be possible. 


SUMMARY 


Petri dish tests revealed that the germination of giant foxtail seeds 
seldom exceeded 20 to 34 per cent. Scarification of the seeds decreased 
rather than increased germination. Germination was increased by culturing 
in association with soil, by treatment with potassium nitrate and sodium 
thiocyanate solutions, and by alternating temperatures (21° to 37° C.) and 
moist storage at 21° C. The presence of germination inhibitors in the seeds 
was indicated by means of filter paper absorption experiments. In compact 
soil giant foxtail seed germinated and emerged when planted no more 
deeply than 3 cm. while in looser well-aerated soil, they emerged from a 
depth of 12 cm. Alternate wetting and drying of the soil also stimulated 
further germination of seeds planted at several depths. It is suggested that 
the alternate wetting and drying process results in the partial removal, at 
least, of germination inhibiting substances from the seeds. 

Chemical soil treatment studies with the triethanolamine salt of 2,4-D, 
Crag Herbicide 1, dichloral urea, and CMU disclosed that each of these is 
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effective in controlling the germination or seedling development of giant 
foxtail at several of the rates tested. It was suggested that Crag Herbicide 
t be used to control this weed in corn any time following emergence, up to 
and including lay-by and that dichloral urea applied at 5 lb. per acre might 
also be employed in well established corn plantings. Chloro-IPC and CMU 
were both quite effective, the latter checking seedling growth at rates as 
low as 2.5 lb. per acre. Alternate wetting and drying of this chemical soil 
treatment series disclosed that the chemicals did not prevent the dormant 
seed from germinating after normal cultural conditions were restored. In 
the CMU series, however, the seedlings did not survive, indicating residual 
action of the chemical. 
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Zineb: See Zinc etbylene bisdithiocarbamate 

Ziram: See Zinc dimethyldithiocarbamate 
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